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PREFACE 

This  is  the  second  in  a  series  of  Annual  Reviews  designed  to  provide  insight  into  the 
yearly  hydrologic  regime  of  the  Big  Cypress  National  Preserve  (BICY).  The  first 
review  incorporated  the  hydrologic  events  which  occurred  in  both  the  Big  Cypress 
and  Everglades  National  Park  (EVER).  Hydrological  differences  between  these  two 
NPS  areas  combined  with  the  individual  integrity  of  each  National  Park  Service 
management  unit  prompted  the  separation  of  these  reports.  However,  subsequent 
Annual  Reviews  will  again  combine  these  two  areas  to  avoid  redundancy  and 
provide  a  single  document  of  hydrologic  data  for  all  National  Park  Service  areas 
within  South  Florida. 

Each  year  a  great  effort  is  made  to  obtain  hydrologic  data  in  the  Big  Cypress 
Preserve.  This  review  is  an  attempt  to  put  these  data  in  perspective  throughout  a 
calendar  year. 

This  review  serves  as  a  ready  reference  describing  the  hydrologic  conditions  which 
prevailed  in  BICY  during  1977.  It  is  the  intent  of  this  review  to  provide  an  easily 
retrievable  source  of  Big  Cypress  hydrology  data  thus  providing  greater  insight  into 
hydrologic  conditions  within  the  preserve. 


Ill 


TABLE  OF  CONTENTS 
ANNUAL  HYDROLOGY  REVIEW:   BIG  CYPRESS  NATIONAL  PRESERVE,  1977 

Page 

ACKNOWLEDGEMENTS i 

PREFACE ii 

TABLE  OF  CONTENTS iii 

LIST  OF  FIGURES v 

LIST  OF  TABLES  .    . vii 

I.  INTRODUCTION 1 

II.  BIG  CYPRESS  HYDROLOGY  AND  WATERSHED  CHARACTERISTICS    .  2 

A.  Intensive  Study  Areas 2 

B.  Turner  River 8 

III.  CLIMATE 10 

A.  1977  Temperatures 10 

B.  1977     Rainfall 10 

IV.  WATER  LEVELS 16 

V.  BIG  CYPRESS  DISCHARGE 20 

A.  1977  Discharge  Rates 20 

B.  1977  Stage  Duration  and  Stage  Discharge 26 

VI.  CONCLUSION 41 

VII.  LITERATURE  CITED 43 


IV 

Page 

VIII.    APPENDIX * 44 

Hydrologic  Station  Index 45 

Water  Level  Data 47 

Hydrologic  Station  Period  of  Record: 

Maximums,  Minimums,  Means  and  Year 55 

1977  Discharge  Data 60 

Discharge  by  Culvert 64 

1977  Weather  Data  for  South  Florida 67 


LIST  OF  FIGURES 

Number  Page 

1.  Location  of  Big  Cypress  National  Preserve  in  South  Florida 3 

2.  Boundary  Map  of  Big  Cypress  National  Preserve 4 

3.  Map  of  the  Big  Cypress  Watershed  Showing  the  Delineations  of  the 
Drainage  Subareas 5 

4.  Map  of  the  Big  Cypress  Showing  Flow  Directions 6 

5.  Location  of  Big  Cypress  Intensive  Study  Areas 7 

6.  Turner  River  Hydrologic  Network 9 

7.  Map  of  Everglades  National  Park  and  South  Florida  Weather  Stations   .    .  11 

8.  1977  South  Florida  Temperatures 12 

9.  1977  January  Freeze  in  South  Florida 13 

10.  1977  Everglades  National  Park  Rainfall  by  Weather  Station 14 

11.  Location  of  Gauging  Stations  in  the  Big  Cypress 17 

12.  Big  Cypress  Hydrographs  for  1977 18 

13.  Flow  Duration  Curve  for  Tamiami  Canal  Outlets: 

Monroe  to  Carnestown,  1977 24 

14.  Discharge,  Means  and  Extremes  for  Tamiami  Canal  Outlets: 

Monroe  to  Carnestown,  1977 25 

15.  Flow  Duration  Curve  for  Tamiami  Canal  Outlets: 

40  Mile  Bend  to  Monroe,  1977 27 

16.  Discharge  Extremes  and  Means  for  Tamiami  Canal  Outlets: 

40  Mile  Bend  to  Monroe,  1977 29 

17.  Flow  Duration  Curve  for  Roberts  Lake  Slough 30 

18.  Flow  Duration  Curve  for  Barron  River 31 

19.  Stage  Duration  Curve  for  Tamiami  Canal  Outlets:   At  40  Mile  Bend,  1977  32 

20.  Stage  Duration  Curve  for  Tamiami  Canal  Outlets:   40  Mile  Bend  to 
Monroe,  1977 33 


Vll 


LIST  OF  TABLES 


Number  Page 


1.  Summary  of  Discharge  Data  for  Tamiami  Canal  Outlets  During  1977    .    .  21 

2.  1977  Big  Cypress  Estimated  Water  Contributions  to  Everglades  National 
Park  Through  the  Tamiami  Canal  Outlets 22 

3.  1977  Discharge  for  Tamiami  Canal  Outlets:   Monroe  to  Carnestown  .    .    .  23 

4.  1977  Discharge  for  Tamiami  Canal  Outlets:   40  Mile  Bend  to  Monroe    .    .  28 


I.   INTRODUCTION 

The  Big  Cypress  National  Preserve  was  established  in  197'*,  by  an  act  of  Congress. 
The  preserve  contributes  nearly  56  percent  (Klein,  1970)  of  the  freshwater 
(surface)  flows  to  Everglades  National  Park.  It  also  possesses  its  own  unique 
characteristics  consisting  of  a  vast  subtropical  wilderness  containing  many  cypress 
sloughs,  wet  prairies  and  pinelands. 

Hydrologic  data  within  EVER  and  the  BICY  watershed  have  been  collected  by 
National  Park  Service  (NPS)  and  U.S.  Geologic  Survey  (USGS)  personnel  since  1939. 
The  first  water  levels  were  monitored  at  the  continuous  water  level  recording 
station,  Bridge  105.  Presently,  the  BICY  hydrology  program  consists  of  numerous 
staff  gauges,  continuous  recording  water  level  gauges,  ERTS/Landsat  telemetry 
stations  and  numerous  flow  determinations  at  the  culverts  located  along  the 
Tamiami  Trail  (U.S.  41).  These  records  then,  are  the  key  to  the  past  enabling 
assessment  of  historic  hydrologic  conditions  and  formulation  of  conclusions 
regarding  the  nature  of  the  hydrologic  balance  for  a  given  year. 

The  purpose  of  the  1977  Annual  Review  is  to  summarize  and  explain  hydrologic 
conditions  experienced  in  the  BICY  during  the  1977  calendar  year.  The  hydrologic 
parameters  examined  for  1977  include:  precipitation  and  temperature  (EVER 
stations),  water  levels,  and  discharge  data.  These  data  are  summarized  both 
graphically  and  in  tabular  formats  to  provide  greater  insight  into  the  1977 
hydrologic  events.  A  brief  discussion  is  also  included  describing  the  10  BICY  study 
areas  emphasizing  the  Turner  River  study  area  which  has  been  assigned  the  highest 
priority  area  within  BICY.  Although  not  initiated  until  1978  this  description  is 
included  to  introduce  the  reader  to  these  study  areas  which  will  be  the  focus  of 
subsequent  BICY  hydrology  investigations. 


II.  BIG  CYPRESS  HYDROLOGY  &  WATERSHED  CHARACTERISTICS 

Located  in  the  subtropics,  the  Big  Cypress  National  Preserve  is  a  water  dominant 
system.  Because  of  its  geographic  locale,  latitudes  N  26  15'  and  N  25°  36'  and 
longitudes  W  80  501  and  N  81  23'  the  preserve  receives  abundant  inputs  of 
seasonal  precipitation  during  the  rainy  season  (Figures  1  and  2).  These  inputs 
contribute  directly  to  the  sheet  flow  and  subsurface  recharge  of  the  aquifer. 
Nearly  90  percent  of  the  land  during  the  wet  season  (May  -  October)  is  inundated 
by  fresh  water. 

Utilizing  photogrammetric  determinations  Klein  (1970)  divided  the  Big  Cypress 
watershed  into  three  distinct  drainage  areas  (Figure  3).  These  units  have  been 
designated  as  subareas  A,  B,  and  C.  Even  though  the  Big  Cypress  Preserve  lies 
solely  within  subarea  C  it  is  important  to  note  the  flow  directions  and  character- 
istics of  all  three  subareas  (Figure  4). 

Subarea  A  is  situated  in  the  northern  portion  of  the  Big  Cypress  drainage  basin. 
The  area  contains  approximately  450  square  miles  (1165.54  m  )  and  supplies  water 
into  Conservation  Area  3  which  ultimately  contributes  surface  flow  into  Everglades 
National  Park  via  the  S-12  control  structures.  The  area  is  separated  from  subarea 
C  by  a  low  lying  rock  ridge.  This  ridge  extends  from  the  Hendry-Collier  County 
line  to  the  Broward  County  line  in  an  easterly  fashion. 

Subarea  B  is  adjacent  to  the  western  boundary  of  the  BICY  and  is  approximately 
550  miles  square  (1424.5  km  ).  Most  of  the  surface  flow  has  been  directed  by  a 
system  of  canals  and  culverts.  The  general  direction  of  flow  is  southward  and 
westward.  Eventually,  the  water  flows  into  the  Ten  Thousand  Island  area  of 
Everglades  National  Park  and  into  the  Gulf  of  Mexico. 

Subarea  C  is  situated  in  the  central  drainage  area  of  the  Big  Cypress  watershed  and 
includes  all  of  the  BICY.  Of  the  1450  square  miles  (3755.5  km  )  in  the  subarea  C, 
nearly  570,000  acres  have  been  designated  as  the  Preserve.  Much  of  the  area 
experiences  natural,  uninterrupted  sheet  flow.  However,  two  canals,  the  Turner 
River  and  Barron  River  canals,  intercept  part  of  the  sheet  flow.  Eventually  the 
water  flows  southward  and  into  the  northwestern  section  of  Everglades  National 
Park. 

A.   Intensive  Study  Areas 

During  1978  ten  study  plots  were  selected  by  National  Park  Service  (NPS)  scientists 
for  Big  Cypress  ecological  studies  (Figure  5).  The  locations  were  selected  on  the 
basis  of  ecosystem  identity,  floristic  characteristics  and  significant  hydrological 
locales. 

Some  of  the  major  drainage  areas  in  the  Big  Cypress  to  be  analyzed  include  Gum 
Slough,  Roberts  Lake  Strand,  Deep  Lake  Strand,  Turner  River,  Okaloacoochee 
Slough,  Gator  Hook  Strand,  L-28  Tieback  Canal,  Pinecrest  Hammocks,  the  pine 
ridge  north  of  Jetport  and  the  dense  pine  forest  north  of  Monument  Road. 

Presently,  the  NPS  hydrology  staff  has  installed  permanent  recording  stations  in  all 
of  these  study  plots.  The  program  is  to  include  continuous  monitoring  of  water 
levels  in  these  areas  beginning  in  FY  79.  During  the  next  three  years,  transects 
through  each  of  these  study  areas  will  be  established  by  NPS  hydrology  personnel  so 
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Location  map  of  south  Florida 
indicating  directions  of 
surface  water  flow. 
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Figure  1:   Location  of  Big  Cypress  National  Preserve  in  South  Florida 
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Figure  3:  Map  of  the  Big  Cypress  Watershed  Showing  the  Delineations  of  the 
Drainage  Subareas 


Figure  4:    Map  of  the  Big  Cypress  Showing  Flow  Directions 
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Figure  5:   Location  of  Big  Cypress  Intensive  Study  Areas 
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that  the  spatial  and  temporal  water  distribution  relationships  can  be  determined 
through  statistical  correlations. 

B.   Turner  River 

Of  the  ten  study  areas  established  in  the  Big  Cypress,  the  highest  priority  for 
hydrologic  examination  was  the  Turner  River  study  plot  located  near  Ochopee, 
Florida.  A  water  management  problem  exists  within  this  study  plot  involving  the 
interruption  of  natural  river  flow  due  to  diversion  of  waters  through  canal 
development. 

The  current  hydrologic  condition  within  the  Turner  River  allows  water  to  flow  only 
through  the  meander  during  the  height  of  the  rainy  season.  All  water  flowing 
through  the  meander  during  this  period  is  directed  through  a  culvert  located 
approximately  0.8  miles  (1.30  km)  north  of  Tamiami  Trail  on  State  Road  839 
(Turner  River  Canal  Road). 

A  hydrologic  network  was  established  at  the  Turner  River  meander  in  order  to 
study  the  hydrologic  effects  of  canal  diversion  on  the  river's  headwaters.  Eleven 
monitoring  stations  were  established  to  measure  weekly  water  levels  (msl)  and 
conductivity  (Figure  6).  Monthly  velocity  studies  were  also  conducted  in  the 
Turner  River  meander  and  the  adjacent  canal.  These  experiments  utilized 
Rhodamine  Dye  as  a  tracer  whose  concentrations  were  measured  downstream  with 
a  Turner  Fluorometer.  In  addition  to  velocity  determinations,  these  intensive 
experiments  measured  the  longitudinal  dispersion  coefficient  for  the  meander  and 
canal.  It  is  expected  that  these  data  will  accurately  depict  the  yearly  hydrologic 
conditions  for  the  Turner  River  meander  and  canal.  These  hydrologic  investi- 
gations will  be  of  significant  value  in  implementing  an  optimum  water  resources 
management  plan  for  this  area  including  reestablishment  of  historical  flow  through 
the  meander. 
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III.  CLIMATE 

During  1977  there  were  no  climatic  data  available  for  analysis  in  the  Big  Cypress 
National  Preserve,  since  the  preserve  was  only  recently  established.  However,  the 
NPS/NOAA  weather  stations  for  Everglades  National  Park,  situated  at  Everglades 
City,  40  Mile  Bend,  Royal  Palm,  and  Flamingo  all  serve  to  provide  insight  into  the 
climatological  trends  for  South  Florida  and  BICY  (Figure  7).  A  complete  analysis 
of  the  climatic  conditions  experienced  at  each  of  these  weather  stations  can  be 
found  in  the  1977  Annual  Hydrology  Review:  Everglades  National  Park.  The  BICY 
climate  review  which  follows  is  a  synopsis  of  these  data  presented  in  the  1977 
EVER  review. 

A.  1977  Temperatures 

Temperature  distribution  throughout  South  Florida  was  very  close  to  the  norm 
throughout  1977.  For  much  of  the  year,  temperature  variance  between  the  mean 
monthly  temperature  and  the  actual  recorded  temperature  was  very  small 
(Figure  8).  The  most  significant  temperature  deviation  from  the  norm  in  1977 
occurred  during  a  severe  January  cold  front.  The  temperatures  dropped  below  32 
F(0  C)  and  Miami  Beach  reported  snowfall  for  the  first  time  in  recorded  history 
(Figure  9).  The  coldest  temperature  in  EVER  associated  with  the  front  was 
recorded  at  Royal  Palm  where  temperatures  dropped  to  2k  F  (-k.k  C).  These 
sub-freezing  temperatures  had  an  adverse  impact  on  the  vegetation  and  marine 
resources  of  EVER.  Local  frost  kills  affected  some  cocoplum,  mangrove,  poison- 
wood  and  exotic  species.  Fish  kills  were  reported  in  Florida  Bay  and  damage  to 
coral  occurred  in  the  Dry  Tortugas. 

B.  1977  Rainfall 

Precipitation  serves  as  a  significant  source  of  fresh  water  supply  to  the  BICY 
ecosystem.  Yearly  variations  in  the  amounts  and  distribution  of  rainfall  supplied  to 
this  region  has  a  direct  impact  upon  the  ecology  of  the  preserve. 

The  spatial  distribution  of  rainfall  throughout  South  Florida  as  monitored  by  the 
EVER  stations  indicated  the  nature  of  localized  thunderstorms.  Both  Royal  Palm 
and  Everglades  City  Ranger  Stations  experienced  near  normal  rainfall  annual 
totals,  whereas  Flamingo  and  Tamiami  reported  less  than  normal  rainfall  amounts. 

October  was  the  month  which  experienced  the  greatest  deviation  from  the  mean 
monthly  rainfall  total  during  1977  in  South  Florida.  This  month  was  one  of  the 
driest  Octobers  on  record.  Royal  Palm  received  just  over  half  of  its  average 
October  precipitation,  Flamingo  about  one-fifth  and  both  Tamiami  and  Everglades 
City  received  well  under  one-tenth  of  their  respective  October  means.  In  addition, 
the  months  of  February,  March,  April,  June  and  August  were  also  dry  months 
throughout  South  Florida  and  the  BICY. 

An  analysis  of  the  data  from  the  four  EVER  weather  stations  revealed: 

1.  Royal  Palm:  received  normal  annual  rainfall  amounts  during  1977  even 
though  precipitation  patterns  were  not  (Figure  10).  The  early  months 
(February  through  August)  experienced  less  than  normal  rainfall  inputs. 
May   was   the    only    exception    during   this    time    period    when    intense 
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Figure  7:    Map  of  Everglades  National  Park  and  South  Florida  Weather  Stations 
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Figure  8:    1977  South  Florida  Temperatures 
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Figure  9:    1977  January  Freeze  in  South  Florida 
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rainstorms  rectified  the  deficit  precipitation  amounts  of  the  earlier 
months.  September,  November  and  December  also  reported  rainfall 
totals  greater  than  the  norm  while  October  was  one  of  the  driest 
Octobers  in  the  history  of  the  Big  Cypress  and  EVER. 

2.  Everglades  City:  received  slightly  greater  than  normal  inputs  of 
precipitation  during  1977.  The  rainfall  distribution  was  similar  to  that 
experienced  at  Royal  Palm.  During  the  first  five  months  rainfall 
amounts  were  below  normal  with  February  and  March  being  extremely 
dry.  Throughout  the  remainder  of  the  year,  abundant  rainstorms 
supplied  sufficient  inputs  into  the  system  to  counteract  the  deficit 
months  which  occurred  earlier  in  the  year. 

3.  Tamiami  Ranger  Station:  the  first  six  months  of  1977  were  months  of 
deficit  rainfall  totals  at  40-Mile  Bend.  During  August  and  September 
intense  and  frequent  thunderstorms  gave  some  relief  to  the  dry 
conditions  experienced  earlier  in  the  year  but  were  not  of  sufficient 
magnitude  to  compensate  for  the  overall  rainfall  deficiency.  October 
was    a    very    dry    month    and    in    late    November    continuing    through 

(December  rainstorms  supplied  more  than  the  normally  expected  rainfall 
amounts. 
4.  Flamingo:  like  the  other  stations,  Flamingo  experienced  dry  conditions 
throughout  the  early  months  of  1977.  During  the  months  of  February, 
March,  May,  June  and  July  the  precipitation  totals  were  below  normal. 
Late  August  thunderstorms  and  frequent  rains  in  September  generated 
surplus  rainfall  totals  for  each  of  these  months.  However,  an  extremely 
dry  October  assisted  in  counteracting  the  rainfall  surplus  of  the 
previous  months  and  rendering  the  station  with  a  below  normal  rainfall 
amount  for  1977. 
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IV.   WATER  LEVELS 

The  NPS  in  cooperation  with  the  USGS  maintained  a  network  of  water  level  gauges 
within  BICY  during  FY  77  (Figure  11).  There  were  six  continuous  recording  gauges 
in  operation  during  this  period,  one  of  which  (Bridge  84),  consisted  of  a  satellite 
data  collection  platform  (DPC).  These  stations  also  included  Bridge  105,  40-Mile 
Bend,  Bridge  77,  NP  103  and  Roberts  Lake,  all  of  which  lie  along  Tamiami  Trail  or 
Loop  Road.  As  shown  in  Figure  12,  the  period  of  record  for  Bridge  105  and  40-Mile 
Bend  commensed  in  1939,  Bridges  77  and  84  in  1960  and  NP  103  and  Roberts  Lake 
in  1973,  all  of  these  BICY  hydrology  stations  are  in  operation  today.  The 
hydrographs  presented  show  water  levels  during  FY  77  compared  against  the 
historic  mean.  Actual  daily  stage  data  are  presented  in  the  Appendix  for  all  six 
stations. 

Bridge  105  provides  a  long  term  record  of  water  stages  for  a  centrally  located 
segment  of  the  Big  Cypress  National  Preserve.  The  40-Mile  Bend  station  is  located 
within  the  L-28  canal  at  its  most  south-easterly  point  and  may  reflect  water  levels 
along  the  eastern  boundary  of  BICY.  Bridge  84  sits  within  the  Turner  River  canal 
toward  the  western  portion  of  BICY.  Stages  within  this  station  reflect  general 
water  levels  in  the  Turner  River  area.  Bridge  77  lies  further  to  the  west  along 
Tamiami  Trail  between  the  Turner  and  Barron  River  canals.  Its  proximity  to 
adjacent  north/south  canals  is  reflected  by  tidal  induced  stage  fluctuations,  a  point 
confirmed  by  field  salinity  measurements. 

These  hydrographs  show  pronounced  high  and  low  stages  reflecting  the  seasonal  wet 
and  dry  seasons  typical  for  south  Florida.  The  lowest  stages  occurred  during  April 
and  May  and  high  stages  in  August,  September  and  October.  Water  levels  during 
FY  77  were  lower  than  normal  during  the  dry  season  with  Bridge  105  dipping  to  0.5 
feet  (0.15  m)  of  the  1968  May  record  low  of  2.5  feet  (0.76  m).  This  May  low  was 
approximately  3  feet  (0.91  m)  below  the  mean  value  of  6  feet  (1.83  m).  The  other 
stations  also  reflect  below  average  levels  for  May,  but  not  as  pronounced  as  that 
for  Bridge  105. 

Record  low  water  levels  were  recorded  during  1977  in  August  for  the  40-Mile  Bend 
station,  in  April  and  November  for  Bridge  84,  in  April  for  Bridge  77  and  in  August 
for  the  Roberts  Lake  station.  Record  high  water  levels  are  shown  for  Roberts  Lake 
during  December  1977  while  NP  103  experienced  record  high  levels  during  January, 
February,  March,  April,  July,  September  and  December. 

Water  level  fluctuations  for  the  two  loop  stations  between  the  wet  and  dry  seasons 
are  shown  to  be  4  feet  (1.22  m)  or  greater  while  other  stations  show  fluctuations 
between  1  and  2  feet  (0.3  and  0.61  m).  This  behavior  is  anticipated  for  NP  103 
since  this  station  is  a  ground  water  well  whose  hydrograph  should  reflect  ground 
substrate  porosity  and  permeability  characteristics.  The  Roberts  Lake  station, 
although  not  a  ground  water  station  behaves  similary  suggesting  a  lessened  hydro- 
period  for  this  area. 

The  most  striking  conclusion  which  can  be  drawn  from  analyses  of  these  hydro- 
graphs  is  the  inadequacy  of  describing  the  hydrology  of  a  5^0,000  acre  area  from 
just  6  stations. 


WPAItntlWT  or  TNI  iwiirkm 
uwrTto  fTATis  r-Fm.or.tr 4L  «i«V* 


Frrp*rt4  la  n>"|>t«i»ii   >»•>  ■>. 
FLMIIM  ItlfAtTNTNT  Of  NATURAL  >lVX»<lt 


Figure  11:   Location  of  Gauging  Stations  in  the  Big  Cypress 
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The  BICY  consists  of  many  cypress  strands  and  wet  prairies  which  transport 
surface  water  flows  to  the  coastal  areas.  Additional  continuous  recording  water 
level  stations  are  planned  in  addition  to  many  staff  gauges  from  which  water 
distribution  hydraulic  gradients,  and  hydroperiod  can  be  determined.  Initial 
installation  of  such  stations  are  proposed  for  FY  79  and  is  anticipated  to  continue 
for  several  years. 


20 


V.    BIG  CYPRESS  DISCHARGE 


The  BICY  directly  contributes  freshwater  supplies  into  the  northwestern  area  of 
EVER.  These  contributions  are  measured  along  a  series  of  data  collection  points  at 
various  culverts  and  bridges  located  on  the  Tamiami  Trail  (U.S.  41)  from  40  Mile 
Bend  to  Carnestown.  These  measurements  are  combined  to  generate  the  hydro- 
logic  data  records  for  the  two  stations  representative  of  the  Big  Cypress  water 
flow  (Figure  11).  A  total  of  nineteen  observations  are  made  to  determine  the 
discharge  values  for  the  Tamiami  Canal  outlets:  Monroe  to  Carnestown  station.  In 
addition,  a  total  of  29  measurements  are  taken  to  determine  the  flow  for  the 
Tamiami  Canal  outlets:  40  Mile  Bend  to  Monroe  Station.  These  two  stations  then, 
measure  the  total  discharge  of  surface  waters  from  the  BICY  under  the  Tamiami 
Trail  and  eventually  reflect  the  contribution  of  the  BICY  to  EVER. 

A.    1977  Discharge  Rates 

Discharge  rates  for  the  Tamiami  Canal  outlets  (40  Mile  Bend  to  Monroe  and 
Monroe  to  Carnestown)  were  below  normal  during  1977  (Table  1).  The  annual  daily 
mean  discharge  rate  measured  at  the_40  Mile  Bend  to  Monroe  locale  was  148.71  cfs 
(4.21  m  /s)  or  some  92  cfs  (2.61  m  /5)  lower  than  the  mean  for  the  period  of 
record.  Likewise,  the  discharge  data  for  the  Monroe  to  Carnestown  was  deficit, 
reporting  a  daily  mean  discharge  of  333.36  cfs  (9.44  m  /5)  which  was  70  cfs 
(1.98  m  /s)  lower  than  normal. 


These  deficits  become  of  value  when  analyzing  the  contribution  the  Big  Cypress 
National  Preserve  made  to  the  freshwater  supplies  in  the  northwestern  area  of 
Everglades  National  Park.  Klein  (1970)  estimated  that  sub-basin  C,  most  of  which 
is  now  designated  as  Big  Cypress  National  Preserve,  contributed  approximately 
541,500  acre  feet  (667.68  hm  )  to  the  national  park  (mean  values  from  1957-1969). 
However,  during  1977  the  freshwater  contributions  to  Everglades  National  Park 
were  far  below  Klein's  estimates.  A  tabulation  of  the  measured  discharge  values 
recorded  at  the  two  Big  Cypress  stations  indicated  a  contribution  of  only  350,846 
acre  feet  (432.59  hm  )  throughout  the  year  (Table  2).  This  was  some  200,000  acre 
feet  (246.60  hm  )  below  Klein's  (1970)  estimate.  If  the  means  are  indicative  of 
past  water  flows  from  the  Big  Cypress  to  the  park  then  the  162  cfs  mean  daily 
deficit  (4.58  m  /5)  becomes  significant.  This,  then,  translates  into  a  deficit  of 
nearly  100,000  acre  feet  (4.23.40  hm  )  for  the  year  by  computing  mean  daily 
discharge  values.  This  still  indicates  a  change  in  annual  discharge  totals  from 
Klein's  (1970)  report  with  a  deficit  of  nearly  100,000  acre  feet  (123.30  hm  ). 

The  greatest  discharge  values  during  1977  were  associated  with  the  Tamiami  Canal 
outlets:  Monroe  to  Carnestown  location.  The  maximum  daily  discharge  was  mea- 
sured to  be  1950  cfs  (55.2  m  /s)  during  the  year  (Table  3).  This  peak  discharge  was 
measured  during  the  first  half  of  September.  Conversely,  a  total  of  73  days 
experienced  no  (zero)  flow. 

Throughout  the  year  the  Monroe  to  Carnestown  area  experienced  daily  discharge 
values  less  than  200  cfs  (5.66  m  /s)  more  than  70  percent  of  the  time  (Figure  13). 
The  maximum  discharge  rates  experienced  represent  discharge  measurements 
taken  during  the  latter  stages  of  the  wet  season  (Figure  14).  At  that  time  the  Big 
Cypress  discharge  rates  were  far  above  the  normally  expected  values.  For  the 
month  of  September,  this  location  reported  discharge  values  of  145  percent  above 
normal.  The  1977  September  mean  daily  discharge  was  1525  cfs  (43.19  m  /s) 
compared  to  a  mean  value  for  the  period  of  record  of  1046  cfs  (29.62  m  /s). 
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Table  1:       Summary  of  Discharge  Data  for  Tamiami  Canal  Outlets  During  1977 


cfs 

cfs 

No. 

Mean 

Average 

Max 

Min 

Days  of 

cfs 

Period 

Daily 

Daily 

O    Flow 

Daily 

(cfs) 

40  Mile  Bend 

i 

to  Monroe 

1350 

0 

41 

148.71 

241 

Monroe  to 

Carnestown 

1950 

0 

73 

333.36 

40 

Table  2:         BICY  Estimated  Water  Contributions  to  Everglades  National  Park 
Through  the  Tamiami  Canal  Outlets 
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Acre  Feet 

40  Mile  Bend 

Monroe  to 

to  Monroe 

Carnestown 

2,110 

4,620 

996 

1,810 

433 

191 

0 

0 

38 

0 

2,310 

5,180 

12,050 

72,250 

9,410 

43,230 

55,470 

90,730 

17,790 

19,250 

4,240 

1,700 

2,561 

3,339 

Total 


3an. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


6,730 

2,806 

624 

0 

38 

7,490 

84,300 

52,640 

146,200 

37,040 

5,940 

5,900 


349,708 
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Table  3:      1977  Discharge  for  Tamiami  Canal  Outlets: 
Monroe  to  Carnestown 


Month  Total  Mean  Discharge  1977  Mean  Discharge  %  Discharge  1977 

Jan.  65  75.1  116 

Feb.  58  32.6  56 

Mar.  191  3.10  1.6 

Apr.  52  0  0 

May  43  0  0 

Jun.  668  87.1  13 

Jul.  799  1175  147 

Aug.  889  703  79 

Sept.  1046  1525  145 

Oct.  645.8  313  48 

Nov.  277  28.6  10 

Dec.  106  578.6  55 

Total  4839.8  4000.36  83% 
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January  and  July  were  other  months  during  1977  which  experienced  above  normal 
discharge  flow  rates  at  the  Monroe  to  Carnestown  culvert  unit.  All  of  the 
remaining  months  throughout  the  year  reported  lower  than  normal  discharge  rates. 
Two  months,  April  and  May,  experienced  zero  percent  of  normal  the  discharge 
rates  and  three  other  months;  March,  June  and  November  reported  less  than  13 
percent  of  normal  conditions.  These  flow  rates  directly  reflect  the  general 
precipitation  patterns  of  south  Florida  during  this  period  of  time.  At  year's  end 
this  location  reported  only  83  percent  of  the  total  mean  daily  discharge.  The  other 
Big  Cypress  monitoring  location  for  discharge  values  along  the  Tamiami  Trail 
(US  41)  is  between  40  Mile  Bend  and  Monroe,  Florida.  This  area,  like  the  Monroe  to 
Carnestown  location,  reported  deficit  discharge  rates  throughout  1977.  The 
maximum  daily  discharge  was  1350  cfs  (38.2  m  /s)  and  there  were  41  days  of  no 
(zero)  flow  (Table  21  Nearly  80  percent  of  the  year  the  discharge  value  was  less 
than  200  cfs  (5.66  m  /s)  at  this  location  (Figure  15). 

Like  the  Monroe  to  Carnestown  location  there  was  similar  response  to  precipitation 
inputs  occurring  in  late  August  and  September.  The  maximum  discharge  values 
reported  at  this  station  were  experienced  during  this  period  of  time.  September 
was  the  only  month  during  1977  when  mean  daily  discharge  rates  exceeded  those 
for  the  period  of  record  (Table  4).  The  mean  daily  discharge  rate  was  171  percent 
of  the  normally  expected  545  cfs  (15.43  m  /s)  (Figure  16).  All  of  the  remaining 
months  experienced  less  than  66  percent  of  the  mean  discharge  value.  Even 
December,  which  was  a  relatively  wet  month,  indicated  a  net  decrease  in  discharge 
from  the  norm.  By  year's  end,  this  location  had  experienced  only  62  percent  of  the 
normally  expected  discharge. 

The  other  two  stations  in  the  Big  Cypress  where  discharge  determinations  are  made 
include  the  station  at  Roberts  Lake  Slough  and  the  Barron  River.  Nearly  half  of 
the  year  either  no  or  very  little  flow  was  monitored  at  Roberts  Lake  Slough 
(Figure  17).  The  greatest  discharge  monitored  at  Roberts  Lake  was  440  cfs. 
Conversely,  flow  was  monitored  continuously  at  the  Barron  River.  For  greater 
than  95  percent  of  1977  discharge  was  greater  than  10  cfs  at  the  Barron  River 
(Figure  18).    The  greatest  daily  discharge  achieved,  however,  was  only  260  cfs. 

B.    Stage  Duration  and  Stage  Discharge 

Stage  duration  curves  for  seven  monitoring  stations  (either  permanent  recording  or 
satellite  telementry  stations)  were  generated  to  determine  the  percentage  of  time 
that  a  specific  water  level  is  equaled  or  exceeded  (Figures  19,  20,  21,  22,  23,  24, 
and  25). 

The  1977  water  levels  at  Bridge  105  (40  Mile  Bend  to  Monroe)  were  also  compared 
with  cumulative  data  available  from  previous  years,  1952-1967.  The  difference 
between  these  curves  were  averaged  and  it  was  found  that  water  levels  during  1977 
averaged  approximately  0.5  feet  (0.15  m)  below  that  of  the  mean  value  found 
between  1952  and  1969  (Figure  20). 

Discharge  data  available  from  the  two  sections,  40  Mile  Bend  to  Monroe  and 
Monroe  to  Carnestown,  were  used  in  conjunction  with  the  centrally  located  staff 
gauges  (Figures  26  and  27)  (Bridge  105  and  Bridge  84,  respectively)  to  generate 
Stage -Discharge  curves. 
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Table  4:  1977  Discharge  Tamiami  Canal  Outlets 

40  Mile  Bend  to  Monroe 


Month 


Total  Mean  Discharge  1977  Mean  Discharge 

(cfs)  (cfs) 


3an. 

52 

Feb. 

49 

Mar. 

17 

Apr. 

36 

May 

79 

Jun. 

258 

Jul. 

555 

Aug. 

566 

Sept. 

545 

Oct. 

432 

Nov. 

213 

Dec. 

86 

Total 

2888 

34. 

4 

17. 

,9 

7. 

05 

0 

0. 

63 

38. 

,8 

196 

153 

932 

289 

71. 

3 

44. 

38 

1784.46 


96  Discharge  1977 

66 
37 
41 

0 

0.79 
15 
35 
27 
171 
67 
33 
52 

62% 
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VI.    CONCLUSION 

The  hydrological  parameters  inonitored  within  the  Big  Cypress  Preserve  provide  an 
insight  into  water  conditions  for  BICY  wetlands  and  help  to  quantify  surface 
freshwater  contributions  to  EVER.  It  was  found  that  approximately  350,246  acre- 
feet  of  freshwater  was  delivered  via  culverts  under  Tamiami  Trail  from  the  BICY 
to  EVER  in  1977.  This  represented  53  percent  of  total  surface  water  flows  to 
EVER  for  this  period  of  time. 

The  hydrologic  network  which  generated  the  data  in  this  report  consisted  of, 
Stevens  continuous  recording  gauges  and  ERTS  telemetry  hydrologic  stations. 
Since  the  majority  of  BICY's  monitoring  stations  were  located  along  Tamiami  Trail 
in  the  southernmost  region  of  the  Preserve,  the  network  was  expanded  in  1978  to 
include  permanent  recording  water  level  gauges  in  10  areas  of  ecological  signifi- 
cance within  the  BICY  for  continuous  hydrologic  monitoring.  With  this  addition, 
the  National  Park  Service  will  not  only  have  an  understanding  of  the  water 
deliveries  made  by  the  Big  Cypress  Preserve  to  Everglades  National  Park  but  also 
have  a  greater  understanding  of  the  unique  hydrologic  balance  established  within 
other  areas  in  the  Preserve. 

The  hydrologic  parameters  reviewed  in  this  report  provide  valuable  information  of 
hydrologic  conditions  which  affect  a  large  area  of  Everglades  National  Park.  The 
annual  reports  to  follow  the  1977  Annual  Review  will  provide  a  more  extensive 
review  of  the  hydrological  condition  with  the  preserve  itself.  The  hydrologic  data 
presented  in  this  report  indicated  the  following: 

(1)  Temperature:  Temperature  distribution  in  areas  adjacent  to  the  Big 
Cypress  Preserve  was  essentially  consistent  with  data  found  in  previous 
years.  The  only  deviation  from  this  occurred  in  January  when  tempera- 
tures reported  in  Everglades  City  departed  from  the  mean  value  by 
-8.0°F(-4.4°C). 

(2)  Rainfall:  Since  the  rainfall  characteristics  of  south  Florida  exhibits 
extreme  distribution  because  of  localized  thunderstorms,  two  stations 
located  near  the  boundaries  of  the  preserve  are  considered  significant 
in  their  representation  of  those  events  which  occurred  within  the  Big 
Cypress  Preserve.  The  Tamiami  Ranger  Station,  located  on  the  eastern 
boundary,  reported  the  greatest  deviation  from  the  norm  by  reporting 
only  80  percent  of  its  normally  expected  seasonal  rainfall  during  1977. 
Primarily,  this  was  due  to  six  straight  months  the  station  reported 
lower  than  normal  precipitation  amounts.  Conversely,  Everglades  City, 
located  near  the  BICY  western  boundary,  received  105  percent  of  its 
normal  expected  annual  rainfall.  The  addition  in  1978  of  a  rain  gauge 
at  Oasis  in  BICY  will  further  expand  the  BICY  rainfall  data  base. 

(3)  Water  Level:  Water  level  variations  were  considerable  during  1977  due 
to  the  distributing  of  rainfall  coupled  with  an  unseasonably  dry  October 
and  an  unseasonably  wet  December.  Water  levels  during  the  opening  of 
the  year  through  August  fluctuated  between  mean  levels  to  near  record 
lows.  By  the  close  of  1977  water  levels  had  been  reestablished  to 
normal  conditions  in  response  to  the  heavy  rainfall  events  in  December. 
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(4)  Discharge;  Due  to  the  establishment  of  record  iow  water  levels  in  1977, 
discharge  rates  were  also  below  normal  for  the  year.  The  discharge 
through  the  culverts  between  40  Mile  Bend  to  Monroe  was  approxi- 
mately 92  cfs  (4.21  m  /s)  lower  than  the  mean  for  this  section.  The 
culverts  between  Monroe  and  Carnestowrualso  reported  unusually  low 
discharges  with  values  some  70  cfs  (1.98  m  /s)  lower  than  normal. 

This  analysis  has  provided  a  greater  perspective  into  the  hydrologic  events  that 
occurred  in  the  Big  Cypress  National  Preserve  throughout  1977.  These  data  have 
provided  valuable  insight  into  the  complex  south  Florida  ecosystem  which  should 
enable  a  more  sound  resource  management  program  to  be  formulated  which  will 
benefit  the  Preserve  and  enhance  the  experience  for  the  visitor. 
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HYDROLOGY  STATION  INDEX 
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Big  Cypress  National  Preserve 
Hydrologic  Data  Collected  Continuously 

USGS  Location  Period  of  Record 

Station  //  Designation  Lat.  Long.  From  To  Parameters* 


TCO:    40  Mile 
Bend  to  Monroe 
(Bridge  105) 

TCO:    Monroe  to 
Carnestown 
(Bridge  84) 

Tamiami  Canal 
at  Bridge  77 

Tamiami  Canal 
at  40  Mile  Bend 

Roberts  Lake 
Slough  near  Monroe 

Barron  River 
near  Everglades 


02288900       N25°51,05"      W80°58'50"        11/39     Present      Q,  W.L. 


02288800       N25°53'10"      W81°15'30"  8/60     Present      Q,  W.L.,  RF 


02288780       N25053'55"      W81021'25"  8/60     Present      W.L. 


02288990       N25°45*50"      W80°49'50"        12/39     Present      W.L. 


02290950       N25°47'14M      W81°05*59"  1/73     Present      Q,  W.  L. 


02291000       N25057'28"      W81°21,19"  1/52     Present      Q,  W.L. 


NP-103  (Pinecrest)        03090202       N25°44,00"      W80o57'00"        10/70     Present      W.L. 
C-495  255748081181801   N25057'48"      W81°18'18n  1/71     Present      W.L. 


*W.L.  -  Water  Level 

RF  -  Rainfall 

Q  -  Discharge 

TCO  -  Tamiami  Canal  Outlets 


kl 


WATER  LEVEL  DATA 


48 


u 

Q 


CN  CN  C\  CM  — * 
CM  CM  fN  CM  CM 


J-  v£  U-\  IA  OO 
CM  CM  CM  CM  CM 


N  \£  VD  IA  i^ 
CM  CM  CM  CM  CM 


m  — 1  CN  CM  ■— 1 
CM  (T\  CN  CN  CN 


O  On  (^  OC  N 
CO  CM  CM  CM  CNi 


n  \D  in  o-  j-  ct 

CM  CM  CM  CM  CM  CM 


t\  cn  cn 
CM  c\  CM 


00  00  00  00  00 


00  oc  00  oc  00 


00  00  00  00  00 


00  00  00  00  00 


oc  00  00  00  00 


00  00  00  oc  00  00 


00  00  00 


o 

z 


CM  CM  CM  CM  CM 


00  00  00  oc  00 


IN.  NO  NO  NO  NO 
CM  CM  CM  CM  CM 


CM  CM  CM  CM  CM 


u^  t-^  1^  NO  NO 
CM  CM  CM  CM  CM 


'A  1A  J-  VC  N 
CM  CM  CM  CM  CM 


OO  00  OO  OO  00 


OO  CO  OO  OO  OO 


00  OO  OO  00  OO 


OO  OO  OO  OO  00 


i\  no  m  m  .3- 

CM  CM  CM  CM  CM 


00  OO  00  OO  00   I 


NO  t\  c\ 
CM  CM  CM 


OO  OO  OO 


u 

O 


DC 
< 


.3-  CN  CM  _  O  ff\  OC  N  VD  1A  cj-  r\  N  O  CN  00  N  \0  lA  ^  rA  ro  fA  (N  - 1  O  CA  OO  N  vO  \D  ON  -3"  NO 

IT>  IT  lA  IA  IA  .3-  3"  3~  -3  -3  -3  -3  -3"  -3  CN  CMA^W  (^  (^  (A  (^(^  (A  CN  CM  CM  CM  CM  CM  CN  m  CM 

ooooooocoo  0000000002  oc  oc  oc  00  00  ooocoooooc  oc  00  oc  oc  oc  000000000000  00  00  00 

OOO  ON  — 'J-  CN  CN  C\  .3  -3  -3  .3  -3-  d"  -3  .3-  -3  NO  OO  — 1  OOCM  — 1  ON  On  CO  N  VO  >A  K  CM  OO 

— 1  r<N,  (A  j-  j-  .3-  .3  d-  .3  cj-  .3  -3-  o-  -3-  -3  -3-  .3-  -3-  -3-  in  ia  vc  vc  vc  >a  in  in  in  m  in     ,  j-  no  — i 

oc  00  oc.  oc  00  OOOCOOOOOC  00  00  00  OO  OC  OOOOOOOCOO  OCOOOOOOOO  OOOC  OOOOOO     I  OC  OO  OO 

OCM   — 1   O   O  O   CN   .3-   in   -3"  O   NO   r\   -3"   CM  — '   O   O   ON   OO  OO  N  ON  ON   OO  K   \C   VO  \fl  - 'NO  tM.  |^  O 

OOOOO  OCOOO  _____  ___oO  CD  CD  CD  CD   CD  CD   CD   CD  CD  —•  —<  CD  —<  CD 

OOOOOOOCOO  OC'  OC'  OO  CO   OC  OCOOOOOOOO  OC    CO   00   OO   OC  OOOCOOOOOC  OOOOOOOOOOOO  OOOOOO 


N   OO   \D   A  \D  N   OO  VD   d-   fN  —    in   CO  IA   N  r-^   NO   NO   NO   in  <n   — 1   in   NO   ON  ON  O  <A  d-  N  OO  — <O0ON 

OOOOO  CD  CD  CD  CD  CD  OOnCnOO  OOOOO  O  O  On  On  00  CO  On  On  On  On  On  OOOO 

CO   OC   M   OO  00  OOOOOOOCOO  OC   N   N   W   00  OO  OO  OO  OO  OO  OO  OO  N  N   N  N   N  N  N   N  N  CO   CO  N 

|^   CN  — 1  — ,CM  CM   CM   — <  — 1  J-  in,  vC  VO  ^C  VD  in   .3-  CN  CM  .3  l\  OO  f^-  NO  in  (A  -^  O  ON  K  — '   CO  N 

NO   ON   O  — 1  — 1  — .__  _____  _____  _____  „-,  ^-,  ^  o  CD      i  __v£> 

N   N   00  OC   CO  OCOOOOOOOO  OO  OO   CO   00   OO  OCOOOOOOOO  OCOOOOOOOO  CO   CO  OOOOOO  CO   OO  K 


>N 


Q. 

< 


on  -3  on  .3  on  — 1  vr>  vo  on  a  no  j-  m  n  m  no  cm  m  o  >n  — i  vo  ia  oca  a\cokmo\  ooon 

CN   (^   (N   (A   A  ON   O   — '   — 1   CM  A  NC   VO   A   A  J-   J-   rOI*l   (N|  CM   — 1   — iOO  — '  \D   N   NO   VD  >A  N    N  CM 

NO   NO   NO   NO   NO  VONKKN  f\l\|\l^r^  N   KNN   N  N   NNNN  t\   [^   t^   r^   1^   (M,  t^r^VO 

\£>  — 1  \C  -h  \0  CN  CM  ON  -3  CN  ON  N  M  N  CO  N  N  N  N  CO  CO  CO  ON  — '  CN  K  K  Cn|  OO  O  O  NO  K 

A  Ad^W  (A  ^  N  (M  - '  0000-00  N  VD  AcK^  CM   — «  O  — 'CM  — <  O   in  .3-   -3-      ,  OO   m  O 

•••••  .....  .....  .....  .....  •••••.  ... 

N  K  N  K  N  N  N  N  N  N  N  N  N  NO  VD  NO  U)  VD  VD  M3  VO  NO  \C  NO  NO  NO  vO  VD  vO  NO      1  ND   N  NO 

NO   m    .3-   CM   CM  CM   — 1   — 1   O   ON  ON  OO   N   VO   A  J-   ^  (Nl   O   00  K   A   J-   O   00  NO   CN   ON  NO   CN  O  ONOO 

CD   CD   CD   CD   CD  CD   CD   CD   CD   0^  f\   O.  ON  O   ON  ON   CN   ON   ON  CO  CO  OO   OO  OO   N  N   N   NO  NO  NO   NO  ONONO 

ooocoooooc  oooooooon  rv.r^r^r^r^  i\i\i\r^r\  n  n  n  n  n  nnnsnk  n  co  k 


<d 


A   J-   W   A  (A 

00  00  00  00  00 


rsi  _  _  _  o 
00  00  00  00  00 


O  ON  ON  — 1   in 
_  o  O  —  — ' 


00  00  00  00  00 


in  cn  cm  — 1  o 
00  00  00  00  00 


ON   CO   N   N   NO 
CD  CD  CD  CD  CD 


CO   00   00   OO   00 


m  j-  no 

CD  CD   CD 


I       I       I 
CO   OO   00      I 


O    Act 
— 1   — 1  O 


OO   OO  OO 


c 


cm  — <  cm  m  CM 

CM   CM   CM   CM   CM 


CM   _   O   OO   ON 
(Mi   CM   CM   — '   — 1 


ONSN  AOO 
OO   00   OO   00   OO 


CM   CM   — 1   — <   O 
CM    CM    CM    CM    CM 


OONKKN 


no  m  m  no  in  3- 
00  00  00  00  00  00 


ON1A* 
—  CM  — 1 


OO  OO  OO  OO  OO 


OO  OO  OO  00  OO 


OO  OO  OO  OO  00 


OO  OO  OO  OO  OO 


00  00  00 


Q 


— h  cm  CN  j-  in 


NO  NOO  ON 


cm  cn.  j-  in 


NO  N  COON  O 
— h  — '  —    — I  CM 


— 1  CM  CN  .3  in 
CM  CN)  CM  CM  CM 


C 

CO 

*  r 

NO   N   00  0NO   — 1 

CD 

CM   CM   CM   CM   CN  C\ 

**, 

-- 


~     --'.     ~     ~~     —  -  .  —  '  zr.    T  •       c-    —    ~    T  -    c    "  •   —  ~    T     T     zr.    T  T     V.     C  ~  -~  ~            ~    ■'    — 

zrrrr  —  —  ~  ~   ~  ~   ~    ~   ~   r  r   ~»  *•  ~.  ■■  ■■  —  —  —  —  ___  —  _  —        —  -    - 

—                        ret-  -  ^  Z  D«W«  "C^^J  __^_^  J     .;     _  .;  _  C_ 

Z        c  -c  <e  <c  <  c  <c  <c  *c  <  ___„.;  _^c^^  --^cc_  ^    .;    _  ^  ^  _ 


-=■  -•  z.   . 


—   -     — 
- .  - .  - . 


- .  - . 


- .  -     - . 


< 

- 


t  i  i 
fit 
i     i     ■ 


- 


CCCC  -CC-^ 


.-     .-      -     .- 


- 


C    'C    <C    <.    <.  CCCwC  £    «£    .£    <C    C 


Z 


—  -   —  a  ■- 

-  ■    -    - .  — 


'■£■        ~   -    r    t    x         x   v.  x  x  ~  —    —    —         -     —    -~    —    -~ 

•^  ££<-•-     <-  ^^CC-~Z~ 


-     -    -    -*  r»v 

— .  - . 


~       ~       ~       ~       C       ~  c        ~ 


Z 

Z 

- 

- 
< 

- 


s 


t-  -         r    ■'    c   -j-         c  ■     ■      ■-    ■'         ~    ~   ■     ~   r         -     -     c  o-  x  ■  c    ^ 

—  ~c-        —    -    -    -     •  -      -.  —   —   —        nr<N«r        <>^  «v  —  __  o  c;        —   v. 


C   <.<.£.  -C  ~     -     -  C.   -C   -G    <C   <C  C  <.   *C   <C   <. 


- 
-    - 


_-.  —    -^  —  ^.  —  0*  -""-■—     — 

—   —  __   _    _    _ 


. 


.-     .-     .- 


PC 


-■     r 

—      ~"i    —   O   C 


X    X    X   *>*  Ps. 

X    "        ~     "    -3- 


c  x  r^  r>^ 


-    -    ■■ 


-    —    -.    S.        -s-  —  •     ~    x 

-    -  •     -     _  _  - 


:    :    x  x 

■     - 


-  .    -  .    -  .    -  ,    -  . 


Z    ■£.   *~    r 


c;  x  ■<- 


< 
Z 

- 
< 

z 

s 
■r 


.'      '      ',     X 


—    -■?■    X 
7      X    V.    •         - 


"     ■'     7     C 


x  -  ■    •-    *     —  -a- 
-     -     —  c   -    r 


-     x  o 


i~    <-     - 


.  .         •       -    - 


'      X    X 


-     C     C     -     —  ■      r,«ON« 

x  x  r*.  rv  rs.        c    c  <•    /■    /■ 


x 


■      .-     r     r 


■■     .-     f     r 


.-     .-     .' 


r     .- 


L    I 


^.  •"    r  —  o       or--'—-* 

X    X    X    X    x  x    •       • 


-   — 


3     x     ^     " 

X    X    X    X    X 


ex-      -      —   X 
f^   ^>.  fv   X    X 


— 
x  r   rv 


r     r     r     r     r 


.'/■/■     r     r 


r     /■     r     r     r 


-      .-      s     r 


.-      .'     r     r 


.-     r     r     r 


.'     r      r 


r  i.  •      X   C     C  —    -        - 


50 


oo 


L 
I 

Q 


> 

z 


UJ 

a 

□ 

— 

c_ 

n^ 

o 

EQ 

y 

Z 

n 

U 

H 

-- 

< 

f- 

<r 

t/j 

. 

J 

0 

N  9>  <^  N4  —   O   O   "^    —  UN  PN   CN    —   —  OO  CN   CN   s£   CN  "N   CN   CN  OO   CN  OO   CN   -3-   CN  CN    m    .3- 

^  c  ^  pn  c  cn  si  —  o  o  o  cn  cn  ©o  cn  o  cn  oc  oc  n  n  ^  \c  s  k  c  ^  pn  o  -a- 

pn  .3-  cn  cn  cn  o  pn  s+-  —  oc  m  rN  —  in.  m  m  m  r^  on  st  — ■  si  in.  cn  cn  m  m  in.  co  sj-  on  — ■ 

o  cn  cn  cn  o  o  oo  oo  oo  n  n  si  si  m  m  m  m  m  s*-  s+-  a  j-  j-  vc  a^  oo  s  c  vr  c  (        n  cn  sj- 

•     •     • 

"^  n  oo  o  n  sc  si  oc  cn  cn  m  oo  cn  m  in.  —  si  o  si  —  oo  no  oo  oo  o^  oo  c  ^  (^  o  c  ^  o 

-~     —   r^  cr^  —  O  O   00  N   N  si  in   in   s*-  c<^  p«^  CN  CN  —  —  CO  —  OO  OOOOCO  m   in   o 

(^   (^   ca   ro   or.  P^    (N    CN    CN    CN  CN  CN   CN   CN   CN  CN  CN   CN    CN   CN  CN   CN    CN  CN   CN  CN   CN   CN  CN   CN  CN           CN   rn   CN] 

ON  St si  ON  J-CAO  rA  vt   OONC  in  .3-  r»   (n;   _  sj-   N  O  f*N  s£>  ia  J-  (^  (N  O  sj-  si   CN 

p>^  n  o  p^  s?-  ia  ia  m  ia  c  c  vr  c  c  c  c  c  c  c  c  c  c  n  k  n  n  n  n  n  n  m  n  p*-" 
•     •     • 

(N  ON  c^  p*"*  f^  f^  c^  r*^   r*^  c^  r^  c"*  r*^  c^  p^  c^  f*  c^  r*^  c^  c^   cn  c"*  c^  p*^  c^  c^  pn  pn  cn  ro  m  CN 

oc  c  ^NO  o  —  cn  cn  o  kf>  st-  «>  st  —  o  n  c  mn  ooooo  —  cm  in.  cn  —  —  o  oc        un  si  o 

~~    cr   .3-  p"^   p*""  CN  —  C  ^   CO  N  oo   ?  O  —  —  OOOOC  N  m  s?-  s}-  s+-  r^  r^  r"  r^  r"  r^          oo  d-  ^ 

r^r^r^r^r^  c^   (*-*   f>   CN  CN  CN  CN  CN  c^   p^  r»  rn  rn   CN  CN  CN  CN  CN  CN  CN  rN!(NlOJCNlCS!CNl  CN  m   CN 


N   r    00   C   (\ 


CN!  in  CN  p"^  — 
Si    —   CN!   CN!    — 


N   —   .3-   —    m 
O   O    00    N    si 


^  c  c  t>  c 

si    si    N    CN   — 


m  c  o  —  o 

CN!   CN!    CN1 


ON   CN   —   CN!   CN   m 
—   —   CN'   CN    P^    sf 


l/N   in    CNI 


r 


CN    CN    CN    CN    CN 


CN  r^   r*^   r^   c*-^ 


r«  (^   rs'  m  (\ 


CN   CN   CN   CN   r^ 


pr*    pry    prN    po    f**s 


p^   r^s   c^  p^   p^   p*^ 


CN   pn    CN 


> 

_ 
y 
- 

_ 


n 

n    s 
*   - 


T    (\   N    SO    X 


C   (N    >0   d-   N 
00    00    N    OC    O 


t*    sC    T-    ■£-   CN 

O    0s    0C    00   00 


si    CN    CN   N   — 
N   N  N  CO    C< 


OO   C    C   00    00 

n  n  n  n  n 


tN  m  si  in  in 

N   N   tN   OO    0s 


CN 


CN 


-r-    —    -^    C^    CN 

(^    C1    f    c    •" 


C^    CN    —   C^    icn 

CNX    CO? 


00    O   —    CN'    00 

CN'    CN'    O    00    00 


CN    0J>    —    si    — 
O    N   N   N   00 


in    CN    CN   O"    Jt 
N   C    N   O    O 


c*   -s-   m   oo   si  "N 

CZN    CN    CN   CN   0s    07s 


00   N    O0 

rN  o  cn 


—   CN 


—    00    — 
O0  CN    pn 


< 


0>   00   N  c*   o 

?  m  cn  r 


N   P"    OO   N   — 
N  m  o  O  — 


CN   CN   CN   00    CN 

O  —  O  —  s* 


—  O  si  m   st 
c  C   -^   -"    -~ 


S   N   00   f°    N 
St  p*"*   r^    \£   N 


J-  —   N  —   vC 
vC    <5-   O  —   CN 


O  O   CN 

S3-   CN    

•        •       a 

1 

1 

1/5 
1/3 


oc  oo  -^  —  oo 

(N CN!    CN 


T    C    X  N   C 
CN   CN   —   O   O 


O    00    si    u^    r^ 

—    COCO 


Iv  ^-  n  —  cn 

CN     O     CN    O    CN 


S*-    CN!    CN    O    C^ 

CN  CN  in.  si   m 


O   si    r**    CN   cr    ON 

un  s*  s^  m  m    ^r 


c^    «.    ~~ 
O    CN    sj- 


> 


BOd-ntso 

SNNNN 


sC    —    CN    CN    N 
si    si    si    si    -~ 


—  or  o  ;n  — 
in   in  in  si  00 


O  r^   si  —  oo 

oo  N  si  si  m 


cr   ~~    ^  p^ 


_  O  p^ 
f^  (^  (^ 


oo  —  cr 

in   c<    ~" 


C 
- 
— 


—     N    O     si 

oo  oo  ?  oo 


P^    CN    CN    00    Pn 

oc  oo  si  rN  rN 


PN     N     Si     ^i      -N 


-^   -r-  c^   B*  sC 

O  O  i"   0^   c- 


p^  o  o:  si  ~^ 
in.  0s  oo  oo  oo 


cn  o  o  r-   -~   St 

OC    00    IN.   Pn   Pn    Pn 


CN   CN 


—    "N    I*     c 


si    Pn    OO    C** 


—   N   r"    c    ■' 


C  N  x  ?   c 


—   CN   p^    s*-   m 
NNNNM 


si    Pn    OC    C>    O    — 
CN   CN   CN   CN   r-    |W 


C 

5  x  c 


51 


u 

Q 


OO   CN   US  O   CO 
ON  ON  VD  VO  ON 


r-^  us  <js  <j-  00 


ff\0*NON 
mvCOOOO 


CO  VD  O  O  OO 

O    IA    (^    IA   CN 


VO  .3-  -3  ON 


> 

o 
Z 

UJ 

a 

a 

qs 

u 

CQ 

O 

j 

< 

Z 

< 

a. 

0) 

U 

oo 

r^  O  CN  CO  CN 


|^    _h    CO    UN   00 

<si  co  co  co  co 


00  -3-   CN  f\)   US 

00  4-   N  \D  ff\ 


VDhVCJ-O 
ON  — <  OO   hv   00 


CN   -3-   -3   ON  00 

00  00  O  -^  N 


no  co  us  on  —i 
O  vc  VOVDOO 


■3    ON    ON    ON    CN 

J-  CO  CN  — -i  O 


on  on  oo  j-  (~n. 

OO  N  N  00  OO 


C\ON  N  (Nl  J- 
MOOMN  VO 


(N  ^4-000 


VD  00  CN  us  co 
fN   — <  <N  .3   US 


vo  oo  oo  on  — i  r-^ 

US  US  .3-  — <   — '   00 


M  M  (N  N  (N 


r^  vo  — i  r^  j- 

oo  O  co  co  .3- 


O  On  us  — <  ON 

V£HO    UN    IA    J- 


r-v  vo  o  — i  — ■ 


O    — I    CO    CO    O 

1^   1^    lf\    IA    IT\ 


(^    O    <N1    — I    ON 

d-  IAIA  IA  J- 


ON    O    CO   CO    — -> 
.3   US   US  US   US 


-H    <NI    (N    Cvl    CN 


CN  CN   CN   CN  CN 


(N  CN   M  (N   (N 


(N  (N  (N  (N  N 


CN   CN  CN  CN  CN 


(N   CN   (N   fNJ  CN      I 


OO  00  d- 

on  co  .3 


VO   J-   00 


— <    CN 


vo  o  t-^ 
.3  vo  oc 


CN     fNJ     — ( 


5 

DO 

< 

< 

(- 

z 

o 

r- 

< 

3 

{- 

n 

to 

U 

i^h 

o 
o 

£  5 

o 

2^ 

aJ 

Q 

>- 

X 

>-, 

A3 

> 

2 

os 

LU 

CO 

Ul 

QJ 

v.. 

a 

< 

j 

< 

z 

o 

i_ 

03 

< 

5 

z 

10 

uo 

ul 

OS 

XI 

a, 

fc 

>- 

U 

a 

CO 

C 

03 
r-) 

ON  (N  N  <*MA 

d-d-  r<M*\M 


cj-  us  on  us  co 

— -i  O  ON  On  On 


us  CN  — i  vo  vo 

On  o  — '  — i  — < 


ITifNION^ 

— -i  — <  — '  o  o 


oo  us  oo  cn  r^ 
ON  ON  00  oo  oo 


UN   ON  O   -3   CN   VO 

OO  N  OOOO  OO  OO 


CN   CN  CM   CN   fNJ 


oo  us  us  r-^  co 
.3-  r^  i\  r^  r^ 


CN  CN 


o  o  rv.  vo  j- 


CN   CN  CN   CN 


CO  00  — -i  — ■<  — < 
OO  OS  o  o  o 


fN   CN  CN  (N   CN 


O  O  ON  o  — ' 


ON  O  fO  d-  o 
— <  CN  CN  CO  US 


(N  CN  oo  r^  ON  CO 

U"N   US  .3   .3-   -3   US 


CN   CN   CN 


CN  CN 


CN   CN 


•3-  00  CN  ON  O 
CN  -3  ON  ON  ON 


CN  OO  .3-  CO  O 
ON  OO  OO  OO  O 


SONfnNd- 
ON  00   OO   N  N 


o  vo  j-  r^  o 

N  VO  VO  IA  iO 


fN   fN   CN   fN   CN 


co  r^  oo  -a-  -3 

.3   CO   CN   CO   CO 


CN   CN   CN   CN   CN   CN 


CO   CO   ON  t^  CO 

CO  CO  co  .3  .3 


fN 


CM   CM   N  J-   N 
UN  -3  us  vD  NO 


00   00    00   ON   O 


co  r^  co  us  .3 

OiANd-M 


_    UN,    (\    — ■    00 

00  US  US  OO  oo 


N   1A0O  J-d- 
KNOn-hO 


VD   CN   O  VD   ON  O 
O   — '   CN  CN   — c  CN 


ON   O   us   — I   -H 
US  00  00  ON  CN 


CN  us  00  OS  ON 

US  — <  o  — '  O 


u>  00  CN  O 


VO  CN  NO  ON  CN 

N  N  VD  VD   \C 


ND    NO    00    — I    -3 

us  d-  us  on  r^ 


CN  nD  us  ON  OO 

vD-hO^J- 


d-    ON   OS    Ct    — l 
CO   O  CO  00   OS 


US    CO    NO    O    ON 
OO  00  CN   CN   US 


00   .3-   CO   — <   O 

VO  VD  VD  VD  vD 


OO  ON   ND   OO   US 

us  r^  co  us  os 

d-  us  OO  00  OO 

NN^ON 

IAON   NOd   O 
CN   — <   .3  NO   Ct-  .3 


CO   ON  CO  O   US 
O  O  CN   NO  ND 


J-  CNl  (N  N  d- 

CO  o  o  o  o 


d-   OO   CO   -3-   O 

— i  CN   US  ND  NO 


O   r^  CN   ON  ON 
NO   O  CO   .3-   NO 


■3  -h  CO  — i  — < 
CN  CN  a-  r^  CO 


CO   ON   .3- 
■3   -3   CO 


.3   CN  US  — i  OO 
ND  CO  ON  1^  NO 


VD  d-NOON 
N  ON  VD  N  ON 


ONoOmN 
CN  O  O  NO  ON 


oo  r^  o  o  on 

OO  CO   US   d-   CN 


O  VDNIN   M 
.3   — i  CN   us   NO 


OO  ON  CO  -3   CO  — c 
— <   -3   NO  -3   O  CO 


d-   ON  ON 
O   -3-   r^ 


CN   CN   — < 


US  CO  00 
O   us  .3 


CN   CN 


CO  O   .3 

VOOM 


fN 


CO   ND   CO 
00   CN   CN 


00   —i   US 
-3    CN    CN 


— i   — .   .3 
US    ON    CO 


CO    —i 

co  r^ 


ON 

o 


— i  r^  r^ 
us  on  o 


03 

Q 


CN   CO  .3   US 


VD   N  OO  ON 


CN   CO   d-   us 


VD  N  OO  ON  O 
— i   —.—.—<   CN 


— <   CN  CO  -3   US 
CN   CN   CN   CN   CN 


c 

m   x  c 

<L>    03  .^ 

255 

vd  r*v  oo  On  O  — ■ 

CN    CN   CN   CN   CO   CO 

52 


z 

o 
p 
< 

f- 
oo 

tu 
O 
a: 
z 

o 


o 

Q 
Z 

UJ 

cc 

UJ 

i 
o 

■a- 


O 
< 

y 

o 
o 

o 

a 
>• 

X 

UJ 

> 

OS 
UJ 
<•) 
UJ 

a! 

< 

z 
o 
p 
< 
z 

t/0 

UJ 

OL 

u 

a 

5 


M           OOOVOO-IN  t^iA-d-^-J-  (*>  O  OO  N  NO  -3"   ON  NO   NO  d  N  O  00  N   lO  u-\  CN   O  ON 

<jj           N  \C  VD  VD  \C  VD  N  N  N  OO  OO  OO  N  N  N  N  N  00  00  00  CO  OO  N   N  N  N   N   N  NO      , 

Q        i^rv.r^i^r^  n  n  n  n  n  r— -—  r —  r- —  r-—  r^ —  n  n  n  n  n  n  n  n  n  n  n  n  n  n    !     !  !     !     ! 

OO^ONM  O   — <  <NI   (N  — i  O00VD-3-CN  — .  — c  O   ON  N  m  >A  •*  lA  00  00  ^  m  - 1   — c  ON  CN  U"N 

>        iaio  vooooo  on  on  on  on  on  on  oo  oo  oo  oo  oo  oooo  n  n  n  n  n  n  n  NNNNN  NOMO 

o         ... 

Z.       n  n  n  n  n  n  n  n  n  rv.  n  n  n  n  n  n  t\  n  n  n  r~-  i — -  r-^  i —  r-~  n  n  n  n  n    i  n  n  n 

+_,          — iS  J-ON  r^Ot^-a-O  Nd-  (NO0-*  — i  00  •*  M  Ov  VO  VO  N  lOrO  CN  ON  N  -3-  (N  O  u"n  — <  o 

(j   -a-  en  c*n  m  cm  (N  CN  — i  — i  — <  o  o  o  as  as  on  oo  oooo  n  n  n  n  n  n  n  no  no  no  no  no  on  .a-  no 

^   oo  oo  oo  oo  oo  oooooooooo  oooo  oo  n  N  i —  r-^  r —  r~-  r-^  n  n  n  n  n  r —  r--  i — -  r~^  i —  i —  n  oo  n 

O  NO  A  00  — '  OVOvC^cf  mcfNiAl^  — ioO\C  Jf°i  en  -a-  O  O  ON  -a-  (N  O  OO  -a-  ON  -3-  O 

Cl       ONONMf^  j-d-d-d-j-  .3-  cj-  .3-  .3-  -3-  d-m^m^  en  .3-  "N  A  -3-  i/"n  ^N  A  .3-  .3-  en  A  ON 

OJ             I  ... 

IT)           N  OO  OO  OO  00  OOOOOOOOOO  OOOOOOOOOO  oo  oooooooo  OOOOOOOOOO  OOOOOOOOOO      I  00  00  N 

en  ir\  VO  iA  (^  — i  ff\  OO  A  M  O  ""N  ON  NO  en  OOlAd-   -hN  (^  ff\  vO  ■*  O  vOnOMnvO  en  NO  O 

GO        _  — .  -h  — i  — i  —<  O  O  O  O  O  O  O  CD  O  On  ON  ON  ON  00  OO  N  N  N  N  vD  d  vD  vC  N  OO  ON  -h  NO 

<C       oooooooooo  oooooooooo  oooooooooo  r--  r —  i —  t —  i —  n  n  n  n  n  r— -  i^~-  i — ~  r^-~  r-^  i —  r--.  oo  n 

Nn  NOO  N  K  iA(A-<  ON  NO  en  N  ON  .3-  lAVDxOJ-^  (^  O  ON  -h  VD  VO  >A  *  T\  -^  O  (N  — i  m 

— -       no  o  o  o  o  o  o  o  o  as  on  no  on  o  o  o  o  o  o  o  o  o  as  o  c>  o  o  o  o  ~*  —<  o  — <  no 

r~>           N   OO  CO  OO  OO  00   OO  OO  OO   N  K  N   N  OO   CO  OOOOOOOOOO  CO   OO  N   OO   CO  OO   OO   OO  OO   OO  CO  00  OO   N 

CO  N  - i^N  hONJ-J-i  M  J-  v£>  ^  (N  ONOONOON  ON  ON  OO  IA  (N  OMA  O  - <  O  O  — i  00 

C           O  CN   NO  O  O  O  ON  ON  ON(N  en  .3-   N  N   N  U)  \0  A   NC  ON  — c  CM  CN  CN   CN  -h  n  iTi  IA  1A  Vfi  A  O 

3              ... 

«— >       a  iaiavc  vo  nckmo  a\d  v£)vovovov£)  ^  vo  vo  vo  vo  r^r^i^i^r^  n  n  n  n  n    i  vc  kia 

>.          N  en  O  ON  O  00   N  A  J-  -i  — i  00  — <  O  en  A  VO  N  N  00  00  00  OO  ON  — i  OO  OMA  ON  O  M  VC  OO  * 

CO          v£>  vD  vO  A  n£>  itn  tr\  i/n.  i/n,  v£>  .3-  CN  CN  — i  O  O  ON  OO  N  VO  u"\  -3-  en  CN  CN  — i  M  <*>  M  (N  -h  On  CN  u-\ 

-£          en  en  en  en  en  en  en  en  en  en  A\fl  ND  NO  VD  VD   ITN  tr\   ITS  UN,  IT,  1A  1^  1A  1A  UN  A  A  A  1A  IA  ch  vc  m 

OIACNOO  O  NO  — <  NO  O  fN  — iOOIAO  NO  — i  N  (N  00  en  ON  W\  00  O  UN.  o   NO  en  O  CN  O  O 

Jr          0N00  00  N  vO  NO  u-\  un  .^  .jj.  en  en  CN  CN  CN  — h  — i  O  O  On  On  OO  OO  00  ON  CO  OO  N  N  N     ,  (N  ON  K 

Cl          ... 

<C         -3-  -3-  -3-  -3-  -3-  .3-  .3-  -3-  .3-  -3-  -3-  -3-  -3  -3-  -3-  *  J-J-cnn  en  en  en  en  en  en  en  en  en  en     i  .3-  -3-  en 

(A^ON  A-(  N  .3-  ON  UN  cm  ON  A-h  A  O  .3-   00  CN   UN.  oo  ON*  AN  — i  J-  N  ON  (N  Vi3  ct  fA  NO 

^           N  VC  IA  IA  "A  J-d-mcNW  CN  CN  CN  — i  — <  O  ON  ON  OO  S  N  NO  UN  .3-  rn  en  CN   — '  O  O   ON  ON  N   ON 

rO           .....           ... 

^          NO  NO  vo  vo  vD  NO  no  NO  NO  no  vD  no  vD  NO  NO  v£>  ir\  un,  un,  i/n,  un,  un,  un.  un,  ir\  UN,  UN,  UN,  UN,  UN,  .3-  IA  NO  •* 

mONSNOm  00  *0NO  A  — i  OO  NO  (NJ  CM  Hl^oO^O  d-  On  N  A-h  N  .3-  CN  (N|  W  * 

.Q           OONONONON  000000ONO0  OOKNOOO  O  On  OO  OO  OO  N  NO  NO  NO  NO  UN   un   vO      ,               .  00  O  UN, 

0)        ... 

U_     N  NO  NO  NO  NO  NO  NO  NO  NO  NO  NC  NO  NO  NO  N  N  d  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO   i  vO  N  \0 

,_     — i  N  O  — h  UN  CN  O  N  -3-  en  — <  N  .3-  CN  CN  A  AOI^OO  *ON  AM  ON  N  -3-  UN.  (\j  o  en  UN  fN 

b           CN  — i  CN  CN  — *  — i  — h  O  O  O  OONONONO  mmrOmM  CN   CN   -*  — i  — I  O   O   O  O  O   ■Z)  — ifNON 

r->        n  n  n  n  n  r^t^r^r^t-N.  kncndnon  s  nns  s  n  n  n  n  n  n  n  n  n  n  n  nnno 


a 


— <NH  J-IA  ^SOOOn°  - '  CnJ  CN  cf-   A 


NO  NOO  ON  O 


-<  (N  <»>  *  A 
<N  <N   CN   CN1   (N 


NO  N  00  ON  O  — i 
(N   CM   <N1  CN   CN,  m 


c 

(TJ     X    r- 

255 


53 


M  CMA-h  VOfl  d-  IA  d-  OOf^  -id-OOMM  CO  O  CN   00  ON  NN- <  00  O  CO  — i   J-  0O  J-   M  CN  CO  CO 

[£  itn  UN  "N  3  3  ON  ON  ON  O  — i  — i  O  ON  Cn  0\  ON  -h  -h  O  ON  ON  00  00  N  ON  — i  — i  O  ON  ON  ON  ON  — c  3 

Q  CO  CO  CO  co  CO  co  co  co  3  -3-  d-  ^-fO<*M«N  co  3  -3-  3  co  co  co  co  co  co  d-  d-  ct  (^  cn  r>  co  3  co 

CN   r--  CO  O  ON  lOCANOO  3   r^  CN  OO  "/N  — i  OO  IT\  (N  ON  NDOn  VO  NO  OO  IA  VO  00  (^  tN  ON  (Nl   NO 

>  (vj_^^h-hO  OOONONOO  00   N  N  VD  v£  VC  >A  ^it,  ■*  3   3   3   OO  OO  OO  N  Vfi  VO  VD  1-^  CN   3 

o  ... 

Z  -3-  -3-  -3-  -3-  -3-  d-^fOMf^  co  co  co  co  co  rif^CM^cN.  co  co  co  co  co  co  co  co  co  co     i  r^  j-  n 

o_,  NJ-  O  VOO  nvfi  ON  (N  VN  OO  — i  J-M  M  CO  3   3  f"^  O  CO  O0  00   3   O  NO  CN   i^N  00  CN  CO  O   h^  CO 

jj  _h  _ <  -h  o  O  ON  OO  N  N  V0  ir\  ir\  3  co  CN  — h  O  ON  00  OO  N  vD  vo  vo  vC  ua  i/N  3  CO  CO  CN  (N  — <  CN 

O  vo  vo  vO  vD  vfl  i/n.  ir\  i/"N  «A  un  ir\  ir\  un.  i/n.  no  ia  u-\  j-  j-  j-  .3-.3-.a-.3-.a-  J-J-J-J-cj-cJ-  iA  vO  3 
tr\ 

ON 

•3- 

'.  onOOM  (NimfKN  — 1  ONONONONOO  NO  CO  OO  NO  CO  CN  CN  — 1  0N00  OOOO  N3-  - h  ir\  CO  O 

nJ              Cl  CN  co  3  3  3  3  .3-  3  3  -3-  co  co  co  co  co  co  co  co  co  co  ro  n  <<n  (N  M  CN  CN  CN  CN  CN  (<N  cKN 

-7        0)  ... 

^—      I/)  NO  NO  NO  NO  NO  NO  VO  \C  NO  NO  NO  NO  NO  NO  NO  nO  NO  NO  NO  NO  NONONONCNO  NDnOnONDnO  nOnOnO 

o 

*-4 

[_■  OOOOONONO  d-    NONONON  NOtfNiOOO  ON    U~\   — <   NO    CN  NO   f^ND">   VN  CN    IO    CN    -h    3    CN  3    <^N    -h 

«~*                 DO  CO   CO   CN   CN   CN  CN   CN   — 1   — <   — 1  — iN^mm  CN   CN   CN   — c   — '  O   O   ON   ON   ON  ON   OO   00   00   O   — <  — 1   f\   OO 

t/)            3           ... 

.,       <£  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  W\  U"\  l/N.  l/N  li"\  UN  l/"\  NO  NO  NO  NO  "N 
I— I 

u 

o 

_4 

O  ONOCNONNO  CO  00  — 1  -h  O  OOONOOO  N   lA  M  ON  NO  3   CN   ON  00   ''N  O  NO   NC  W  O  ON  ONNOO 

N-*               —1  OO— '-HfNJ  CO   CO   3   3   .3-  IANDN0   NOO  N   N   OO   OO   ON  O    — '   — 1   CM   CO  ^J-J-J-CJ-CO  1"^   3    O 

OL.            =>  

q            r~ >  i/n  10  <^N  i/N  ics  u-\  u"\  "N  "N  *<~n  itn  ir\  i/n  ir\  "-\  i/n  10  10  "N  no  nonOnCnOnO  no  no  no  nO  no  no  ia  no  ^ 

>- 

I 

LUf.  CO  O  lO  — 1  O  NOOOOiAO  K"\  O  00  O  "N  NO   (NJN- <  CN  OOOO—i  OONOO  J-IA  ON  O   CO 

>       ]^     C  3   ^N  t^  O   3  KONO- 1  (Nl  3   !A  3   3   (A  CN   CN   — '  O  O  — <  CN  CO  3  3  CO  CN   CN  -*  O      ,  ON  i/N   3 

Dh   °^<-)  CO  CO  CO  3  .3-  4-310  u*\  1A  IA  IAIA1A  lO  it,  1A  IA  A  IA  >A  <A  >A  iri  lA  >A  1A  >A  IA  "A  3  <^N  CO 

tu 

^                ^  i^NND^NOUO  CO  — H00  AlA  r-^ONOOO  3   ON  (N  >A  3  -1  OO  VO   IA  3  l^N  NO   ITN  OO  — 1  ON  3   ON  U"N 

_)               (Tj  CN   — i  — <  CN   CN  (A  3  3  1A  NO  K  OO  O  -1  (N  CN   CN  CO  CO  CO  CO  CN  CN   CN  CN  CN   CN   CN  CN  CO  CO  ON  CO  — < 

*£              S  CN  CN   CN  CN  CN  CN  CN  CN   CN  CN  CN   CN  CO  CO  CO  COCOCOCOCO  COCOCOCOCO  COCOCOCOCOCO  CN  CO   CN 

Z 

o 

V.  (^  -h  N  >AfA  ONN  3-h  ON  i^N  CO  O  NO  CN  CN   CN   00  CN  00  CN|   N  OO  ON  (A  A  IA  N  - 1  i/N  O  M   UN 

*<.                i;  S  N  NO  NO  NO  IA  A  "A  IA  3  3  3   3  NO  00  OO  OO  N  N  NO  NO  A  A  A  NO  NO  A  3  3  l*N  NOOOCO 

7                CL  ... 

<  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  m  aj  m 
to 

tu 

9"1  N  KfA  -1  ON  OO  OO  CN  r-^  NO  NO  NO  3  M  ON  NO  CO  — h  ON  A  CO  O  NO  3  — <  ON  NO  CO  — <  00  NO  3  r-^  NO 

1X1           Js  3  3  3  -3-  co  co  co  co  cn  cn  cn  cn  cn  cn  — <  _  _  _  0  o  oocnonon  oooo  oooon  n  — ■  3  t\ 

>-.                 <tf                ... 

M           2  cococococo  cococococo  cococococo  cococococo  co  co  cn  cn  cn  cn  cn  cn  cn  cn  cn  co  co  cn 

u 

s 

CO  CO  — <  r^.  r-x  UA  O  ON  ON  00  3  -1  00  -h  N  N  A  NO  ON  NO  M   N  fA  -h  O  NO  CO  — 1  CN   CO   — 1 

-O  OOOONON  ONONOOOOOO  OO   OO   N   ON   ON  ON   ONOONN  N   NONONO   NO  ITNITNU^,  OOO   A 

<L)  .....  .....  .....  .....  .....             ...'  ... 

LL.  3   3   3   (A   (A  COCOCOCOCO  COCOCOCOCO  COCOCOCOCO  COCOCOCOCO  COCOCOl  (A   3   tA 

,-  3   3— c  — c   O  C00030000  OIA-hONO  CNI(NJOOCONO  030NNOCO  — 1  N   3(A(A(N  OO  M  ON 

1-  __HCOCOCO  <N|  — i  — 1  O  O  OONON003  iA"A33CO  CO  CN  — 1  — •  — <  —*   C5   0  O  O  O  — '  IA  OO 

1—1  J-3333  33333  3COCOC03  33^33  33333  333333  33CO 


Q 


— 1   (N   CO   3   "A 


NO    N    OO    ON 


h(NIIA3   A 


NONOOONO 
— «   — <   — 1   — '   CM 


— <   CN   CO   3   "N 
CN   CN   CN   CN    CN 


VONOOONO-H 
CN   CN    CN   CN   CO   CO 


c 

n)  x  c 
<u  ttj  .=; 
2S2 


5k 


u 

a 


— i  ON  OO  A  CO 

.a-  cn  cn  cn  cn 


O  — i  -a-  cf  O 
cj-  IA  ir\  ia  vD 


cn  CN  CN  CN  ON 

VD  VD  \D  VD  'A 


lO  A  VC  VO  vD 


— <  — I  — l  O  ON 

vD  vD  vD  vO  A 


ON  00  vD  \D  A  u-\ 
itn  u-\  i/"n  ir\  ir\  ir\ 


ir\  r<-\  cn 

ITN    v£>   CO 


ct-  J-  J-  -a-  -a- 


-3-  -a-  -a-  -a-  a- 


J-  J-  -a-  -a-  .a- 


•a-  J-  -a-  -a  -a- 


■d-  J-  J-  J-  -a- 


d-d-  j-*cfd- 


j-  .a-  -a- 


> 

o 

Z 

Q 

Z 

< 

OL 

•M 

H 

u 

(S) 

O 

UJ 

x: 

< 

_j 

Q- 

<S) 

UJ 

(- 

on 

OL 

UJ 

CD 

O 
_ 

00 

Z 

< 

O 

t- 

< 

3 

U 

n 

<j 

o 

_} 

i^  ^ 

0 

^    3 

o£ 

Q 

>■ 

X 

UJ 

>, 

.> 

nJ 

_ 

2 

UJ 

1/1 

UJ 

B5 

CL 

L. 

< 

a. 
< 

z 

o 

r- 

L* 

< 

<T3 

z 

2 

t/) 

(/> 

UJ 

_ 

a* 

jO 

>« 

<D 

U 

_ 

a 

CQ 

c 

03 

r-> 

MOO  VDt^N 
V£)    v£>    \£>    \£>    \£> 


cn  — i  r^  r-»  vo 

VD  VD   A  A  "A 


cn  O  1^  J-   — i 
A  u~\  <f  j-  j- 


N  "^  M  OO  N 
fO  n  CO  fN   CN1 


(N  r^  cn  .3-  -a- 


a-   -a-   CJ-  ^-  J- 


j-  -a-  J-  j-  j- 


•a-  ct-  -a-  j-  <t 


j-  d-  j-  j-  -a- 


■a-  j-  -a-  -a-  -a- 


-a  j-  j-  -a-  j- 


d-  -a-  d-  d-  -a- 


A   .a-   CO   ON  V£> 

m  (^  (<>  (N   N 


OO^ONOK 
— i  — «  _  CN   — < 


J--I0OJ-M 

_  _  o  — «  fO 


moOM  N(^ 
CO    <N1    CN    -H    _ 


N  CM  — i  t*^  CN 

o  c>  o  as  as 


t^    SO    CN 

OO   OO   00 


■a-  .a-  -a-  d-  -a- 


CO  _  _   ON  |*^ 

co  co  co  CN  cn 


•a-  -a  -a-  -a-  -a- 


n  vo  a  m  M 

CN   CN  CN  CN  CM 


j-  j-  -a-  d-  d- 


— <  cm  ro  o  .a- 

CN   CN   CN   CN   CN 


■a-  j-  -a-  .a-  -a- 


•a-  j-  -a-  «a  .3- 
•a-  j-  ^a  -a-  -a- 


-a-  -a-  j-  ro  cn. 


■a-  -a-  -a-  .a-  cj- 


cn.  co  co 


OO   N   >XI  -i   OMA 

co  co  co  -a-  co  co 


soom 

J-  VD  CN 


CJ-   ^  Cf 


ooNoooor^  i^ir\co  — ion  vomor^m  ooovoj-m  — <  on  on  on  oo  vc  *n^-<o  ^-oo 

(nj  _  _  — <  — <  — i  — h  _  — «  o  o  o  o  as  as  onoooooooo  ooiv.rv.r^r^  r^r^r^r^r^r^  onnn 

a  iaiaiait\  irNirNi^u^irN  i^itni^^j-  a  a  a  a  a  -a--a--a-j-j-  j-cj-^a^i-^^-  j-^N-a- 

oofwooa  onc3-i^ou-\  inao  o\oo  voaa  (<mn  N^nna  j-nkmo  m^oo 

OOONONOO  O   — i  — i  CN  CN  CN   CN  CN   — <   — i  _  _   — h   _i  — i  ^^-h-h-^-h  _h-^— i— hCN,  — c  CN  00 

^J-J-i^N'A  irN.irsi/>i/-Nir\  ir\irNio,ir\i^  u^irsir\irNirN  trNiir\irN,u^<rs  its  w\  ir\  trs  tr\     \  t/"\WN.a- 

a^^od-  — <  n  cm  - <  cn  iovooo-h-  o  n  f>  a  vi3  ono^nn  ia  cm  - h  cn  on  j-  r-vO-* 

ONONONor^  r^-v£ivX)v£)vx>  n  ooooeo  n  r^r^r^rv.t^  n  oonnn  h^r^i^i^t^oo  novo 

ch<J-c}-ir\^  J-J-J-J-cj-  chj-d-cj-cj-  ^-J-^J-^-^-  ^-J-^-^-J-  J-<fcJ-J-<J-^J-  *^* 


CNco^Nr^cN  a-  oo  — i  — i  cn  j-ooono\d  k^cm^o  — irv.cj-r^'^N  a  (N  n  a  -<-<  n<*mn 

n  o  — *  cn  cn  cncn.a-.a-.a-  ^-^-^j-irNirN  vd  oo  o  — ^  — ■  -*  o  o  o  o  ooonononon  vo  —  n 

i^aaaa  aaaaa  ^-^j-j-cj-j-  aa^^iA  1010101010  ia  ia  a  a  a  a  -a-i^cn 

ONd-WOO  ONffN  a  NN  Cs1  VD  ^  a  N  ON  ON  — iiAJ-  00  OO  00  A  a  OONOOO^N  ONi^Nr^ 

— i  o  — icncn  cn^j-w-Ninoo  — i  — i  — <  cn  cn  M  (N  a  vd  oo  oooononoo  n  AaNt^i  ^j-cno 
I  ... 

^__„__  _____  CNCNCNCNCN  CNCNCNCNcni  — icn 

VOcn  — iNON  r-^\£>VO"N.CN  O  ON  ON  OO  — <  -iM  f^i  A  VO  IAVDO0O0ON  M  (^  a  A  \C  OO  cnON^N 

~-,  —,  -*  C)  O  OOOOCN  (^i  N   N  VD  VO  ir\  J-  cn  CN  — <  OONOI^v£>  VC^N^J-cnCN-H  Nr^O 

on  o  on  o  — >  cncNON-^cn  cn  vo  on  — <  cn  aonn  m  n  o  Avon  a  -<vdoan  vdoncn 

— i  — h  on  on  oo  NvoiA^a  cn  cn  — ^  — <  o  c^  oo  oo  k  vd  vo  Aaaa  ^cncncNCN  o  — <  cn 

.....  .....  .....  .....  .....                 ......  ... 

(NjfN___  ________ «_— <                                                                                                                                          I  — i  CN 

ONOONcn  ONvoor^cn  or^c*-cno  vo  -<  a  vc-h  vo  a  a  ia  on  — nn  nc\ooo\  cnooN 

NONOONON  OO  OOOON  N  NVO  A  A  a  a  a  ro  CM  (N  — i  O  ON  00  N  N  \0  A  a  <*>  (N  cnOCN 

cncn^-cncn  cncncncncn  cncncncncn  cncncncncn  cncncNCNCN  cncncncncncn  cnj-CN 


a  am 
— i  cn  oo 


•a-  -a-  cn 


j-  a  o 
cn  j-  cn 


j-  j-  j-  -a-  -a- 


-a-  j-  j-  .a-  ^ 


j-  -a-  j-  j-  -a- 


■a-  j-  4±  j-  ^ 


■a  a-  ^j-  j-  a- 


a-  ^a  j-  d-  ^  ^t- 


j-  j-  -a- 


Q 


— i  cn  cn  j-  a 


\ON00  5\ 


cn  cn  j-  a 


\0  N  OO  ON  o 

_    _    _    _    (NJ 


— i  cn  co  .a-  a 

CN   CM   CN   CN   CN 


SO    t^    OO   ON    O    — < 

CN  CN  CN  cn  cn  cn 


c 

(0    X    c 

a;  cd  _ 
225 


55 


HYDROLOGIC  STATION  PERIOD  OF  RECORD 

MAXIMUMS,  MINIMUMS,  MEANS 

AND  YEAR 
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TAMIAMI  CANAL  OUTLETS,  MONROE  TO  CARNESTOWN 

(02288800) 


Month 

Mean 

Max. 

Year 

Min. 

Year 

Jan. 

1.48 

4.56 

1963 

-0.05 

1965 

Feb. 

1.63 

5.35 

1963 

0.09 

1965 

Mar. 

1.54 

4.43 

1963 

-0.03 

1965 

Apr. 

1.22 

4.38 

1963 

-0.12 

1977 

May 

1.34 

4.52 

1963 

0.19 

1971 

Jun. 

2.27 

5.00 

1969 

0.47 

1965 

Jul. 

2.81 

5.24 

1964 

1.11 

1965 

Aug. 

2.98 

5.30 

1964 

1.60 

1972 

Sept. 

3.28 

6.07 

1963 

1.85 

1965 

Oct. 

3.01 

6.16 

1962 

1.75 

1964 

Nov. 

2.46 

5.14 

1962 

1.41 

1977 

Dec. 

2.08 

4.74 

1962 

0.71 

1964 

Period  of  Record:    Aug  1960  to  Present 


TAMIAMI  CANAL  AT  BRIDGE  77,  NEAR  CARNESTOWN 

(02288780) 


Jan. 

0.88 

1.75 

1968 

-0.60 

1976 

Feb. 

0.81 

1.69 

1970 

-0.62 

1976 

Mar. 

0.98 

2.66 

1970 

-0.38 

1976 

Apr. 

0.90 

2.22 

1970 

-0.25 

1977 

May 

1.01 

1.73 

1970 

0.21 

1970 

Jun. 

1.58 

3.04 

1969 

0.41 

1971 

Jul. 

1.80 

2.66 

1970 

0.78 

1971 

Aug. 

2.05 

2.58 

1973 

1.11 

1971 

Sept. 

2.23 

2.96 

1973 

1.70 

1969 

Oct. 

2.04 

2.85 

1969 

0.87 

1977 

Nov. 

1.63 

2.42 

1971 

0.44 

1977 

Dec. 

1.11 

1.93 

1969 

-0.42 

1972 

Period  of  Record:    August  1960  to  Present 
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TAMIAMI  CANAL  OUTLETS,  40  MILE  BEND  TO  MONROE 

(02288900) 


Month 

Mean 

Max. 

Year 

Min. 

Year 

Jan. 

6.99 

8.21 

1970 

5.58 

1971 

Feb. 

6.60 

8.09 

1970 

4.58 

1975 

Mar. 

6.14 

8.52 

1970 

3.67 

1975 

Apr. 

5.58 

8.41 

1970 

2.79 

1975 

May 

5.95 

8.55 

1968 

2.65 

1974 

Jun. 

7.57 

9.18 

1969 

4.24 

1965 

Jul. 

8.20 

9.12 

1966 

6.75 

1965 

Aug. 

8.24 

8.77 

1966 

7.75 

1972,1967 

Sept. 

8.20 

8.71 

1966 

7.45 

1974 

Oct. 

8.08 

8.90 

1969 

6.67 

1974 

Nov. 

7.64 

8.90 

1969 

5.40 

1974 

Dec. 

7.36 

8.50 

1969 

6.10 

1970 

Period  of  Record:    1960  to  Present 


TAMIAMI  CANAL  AT  40  MILE  BEND,  NEAR  MIAMI,  FLORIDA 

(02288990) 


Jan. 

8.18 

8.84 

1970 

7.84 

1974 

Feb. 

8.00 

8.77 

1970 

7.24 

1974 

Mar. 

7.56 

8.84 

1970 

6.12 

1974 

Apr. 

6.94 

8.81 

1970 

5.25 

1974 

May 

7.04 

8.63 

1969 

5.07 

1974 

Jun. 

7.91 

9.17 

1969 

5.62 

1973 

Jul. 

8.38 

9.08 

1969 

7.42 

1971 

Aug. 

8.47 

9.05 

1969 

8.00 

1977 

Sept. 

8.44 

9.06 

1969 

7.09 

1971 

Oct. 

8.53 

9.22 

1969 

8.08 

1963 

Nov. 

8.42 

9.21 

1969 

7.90 

1963 

Dec. 

8.30 

9.05 

1969 

7.71 

1963 

Period  of  Record:    1939  to  Present 
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ROBERTS  LAKE  SLOUGH 
(02290950) 


Month 

Mean 

Max. 

Year 

Min. 

Year 

Jan. 

4.02 

4.82 

1978 

2.52 

1975 

Feb. 

3.57 

4.84 

1978 

1.40 

1975 

Mar. 

2.95 

5.03 

1978 

0.02 

1975 

Apr. 

1.68 

4.76 

1978 

-0.73 

1975 

May 

1.14 

4.35 

1976 

-1.06 

1975 

Jun. 

2.84 

5.22 

1976 

-0.04 

1974 

Jul. 

4.79 

5.21 

1976 

2.89 

1973 

Aug. 

5.01 

5.30 

1976 

4.61 

1977 

Sept. 

5.03 

5.27 

1973 

4.62 

1974 

Oct. 

4.87 

5.20 

1975,  76,  77 

4.11 

1974 

Nov. 

4.37 

5.00 

1975 

3.04 

1974 

Dec. 

4.18 

4.63 

1977 

3.85 

1974 

BARRON  RIVER 

(02291000) 

Jan. 

2.75 

4.26 

1970 

1.44 

1976 

Feb. 

2.61 

4.66 

1963 

1.26 

1976 

Mar. 

2.20 

5.61 

1970 

0.91 

1976 

Apr. 

1.58 

5.15 

1970 

0.71 

1976 

May 

1.39 

4.25 

1970 

0.52 

1967 

Jun. 

2.95 

5.83 

1969 

0.56 

1967 

Jul. 

4.17 

5.82 

1968 

1.51 

1971 

Aug. 

4.81 

5.78 

1973 

2.07 

1967 

Sept. 

4.95 

5.88 

1971 

3.55 

1967 

Oct. 

4.60 

5.91 

1969 

3.23 

1972 

Nov. 

3.83 

5.11 

1971 

2.01 

1977 

Dec. 

3.11 

4.38 

1969 

1.76 

1975 
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C-495  -  COLLIER  COUNTY 
(255748081181801) 


Month 

Mean 

Max. 

Year 

Min. 

Year 

Jan. 

3.68 

4.58 

1973 

2.59 

1975 

Feb. 

3.34 

5.05 

1978 

2.25 

1975 

Mar. 

3.15 

5.62 

1978 

1.45 

1975 

Apr. 

2.49 

4.55 

1978 

1.05 

1975 

May 

2.91 

5.25 

1976 

1.09 

1974 

Jun. 

4.41 

6.28 

1976 

1.04 

1974 

Jul. 

5.93 

6.46 

1977, 1975 

4.80 

1975 

Aug. 

6.20 

6.50 

1976 

5.81 

1977 

Sept. 

6.15 

6.46 

1975 

5.71 

1976 

Oct. 

5.46 

6.33 

1973 

3.66 

1974 

Nov. 

4.31 

5.70 

1973 

2.89 

1974 

Dec. 

3.91 

5.00 

1973 

3.11 

1975 

60 


1977  DISCHARGE  DATA 
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Weather  Station  Index  for  Everglades  National  Park 

CLIMATE 
Station  Index 


Station 


MSL 
County    Elevation 


Period  of  Record 
Latitude       Longitude     Temp.        Precip. 


Royal  Palm 

Flamingo 

Everglades 

Tamiami 

Homestead   Exp. 
Sta. 


Dade  7 

Monroe  3 

Collier  5 

Dade  1 5 

Dade  1 1 


N°25,23"        W°80,36"        29 


N°25,09"        Wo80'55"        26 


N°25'51"         W081'23"        51 


29 
26 
51 


N°25^5"        Wo80'50"        36  36 


N°25,30'         W°80,30"        67  67 


Everglades  City  1977  Monthly  Temperatures 


Everglades  City  1977 
Monthly  Temperatures  (  F) 
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Avg.  Avg. 

Month       Max.  Min. 


Departure     Highest 
Avg.  fm   mean       Temp. 


Lowest 
Date       Temp. 


Date 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


69.5 


1*5.7 


57.6 


■8.0 


80.6(m)  62.2(m)  71.4(m)  1.5 
82.8(m)  61.4(m)  72.1(m)  -2.0 
84.3  67.1  75.7  -1.8 


87.0 
89.5 
89.5 
88.6 
84.2 
80.8 
75.2 


73.5 
73.1 

7k. 7 
74.2 
64.7 
60.4 
54.6 


80.3 
81.3 
82.1 
81.4 
74.5 
70.6 
64.9 


-0.5 
-1.0 

-0.8 
-0.6 
-3.4 
-1.1 
-1.9 


81 

86 
88 
90 
94 
94 
95 
95 
92 
86 
83 


29 


20 


22+ 

46 

1 

22  + 

53 

7 

23 

59 

14  + 

23 

70 

15 

29  + 

67 

24 

26 

71 

31  + 

13 

72 

26  + 

1 

52 

19  + 

10  + 

44 

27  + 

5 

37 

28  + 

Royal  Palm  1977  Monthly  Temperatures 


Royal  Palm  1977 
Monthly  Temperatures  (  F) 
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Month 

Avg. 
Max. 

Avg. 
Min. 

Avg. 

Departure 
fm  mean 

Highest 
Temp. 

Date 

Lowest 
Temp. 

Date 

Jan. 

71.3 

49.0 

60.2 

- 

82 

28 

24 

20 

Feb. 

74.1 

53.0 

63.6 

- 

84 

4 

35 

17+ 

Mar. 

84.3 

64.9 

74.6 

- 

94 

22 

46 

2 

Apr. 

82.4 

64.4 

73.4 

- 

88 

5 

53 

27  + 

May 

84.5 

66.7 

75.6 

- 

91 

24 

62 

1  + 

Jun. 

91.2 

76.6 

83.9 

- 

96 

28 

72 

21 

Jul. 

89.9 

74.1 

82.0 

Aug. 

90.6 

77.3 

84.0 

- 

94+ 

20 

71 

13 

Sept. 

90.1 

73.7 

81.9 

- 

95 

9 

71  + 

1 

Oct. 

87.9 

65.3 

76.6 

- 

94 

3+ 

53 

14 

Nov. 

84.25 

60.2 

72.2 

- 

89+ 

8 

44 

14 

Dec. 

78.9 

56.9 

67.8 

_ 

88 

9 

35 

29 

Flamingo  1977  Monthly  Temperatures 


Flamingo   1977 
Monthly  Temperatures  (  F) 
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Avg.           Avg.  Departure    Highest 

Month       Max. Min. Avg.       fm  mean      Temp. 


Lowest 
Date       Temp. 


Date 


Jan.  71.9(m)  46.1(m)  56.0(m)  - 

Feb.  75. 0(m)  52  Mm)  64.0(m)  - 

Mar.  80. 5(m)  63.9(m)  72.2(m)  - 

Apr.  81.7(m)  63.7(m)  72.7(m)  - 

May  83.5(m)  65.9(m)  74.7(m)  - 

Jun.  87.7(m)  72.9(m)  80.3(m)  - 

Jul.  89.6  73.3  81.5 

Aug.  89.6(m)  73.7(m)  81.7(m)  - 

Sept.  88.1  74.9  81.5 

Oct.  84.9  64.8  74.9 

Nov.  81.8  62.5  72.2 

Dec.  77.1  56.9(m)  67.0(m)  - 


79 
81 
85 
85 

90 
92 
93 
94 
91 
86 
84 


2 
26 

24  + 
10 

30+ 
31  + 
27 
12 

4 

1 
16+ 


27 
36 
50 
44 
57 
58 
70 
69 
72 
51 
46 
37 


20 
18 

2 
28 
15 

2 
25  + 
12 
30+ 
15 
27 
28  + 


Tamiami  1977  Monthly  Temperatures 


Tamiami   Ranger   Station    1977 
Monthly  Temperatures  (  F) 
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Month 

Avg. 
Max. 

Avg. 
Min. 

Departure 
Avg.   fm  mean 

Highest 
Temp. 

Date 

Lowest 
Temp. 

Date 

Jan. 

71.0 

49.9(m) 

60. Mm) 

-6.7 

82 

28+ 

31 

20 

Feb. 

76.0(m) 

5k.  Km) 

64.8(m) 

- 

85(m) 

27 

39 

17 

Mar. 

85.7(m) 

63. Km) 

73.7(m) 

- 

90 

21  + 

50 

1 

Apr. 

&k.k(m) 

60.4(m) 

72. Mm) 

-1.3 

90 

2 

50 

26 

May 

87.0(m) 

64.3(m) 

75.7(m) 

-1.2 

98 

26 

57 

15 

Jun. 

90. Km) 

72.7 

81.4(m) 

0.8 

9k 

28+ 

68 

21 

Jul. 

90.7 

73.1 

81.9 

-0.5 

93 

30+ 

70 

2k 

Aug. 

90.4(m) 

73.7(m) 

82. Km) 

-1.1 

93 

22+ 

69 

31  + 

Sept. 

91.7(m) 

7k.0(m) 

82.8(m) 

- 

93 

11  + 

70 

2+ 

Oct. 

84.9(m) 

66.6(m) 

75. 8(m) 

-2.6 

90 

12+ 

55 

\k 

Nov. 

82.3(m) 

62.6(m) 

72.5(m) 

-0.3 

88 

k 

kS 

27 

Dec. 

77.9(m) 

56.8(m) 

67A(m) 

-1.0 

87 

2 

_ 

_ 

Homestead  Experiment  Station  Monthly  Temperatures 


Homestead  Experiment  Station   1977 
Monthly  Temperatures   (   F) 
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Month 

Avg. 
Max. 

Avg. 
Min. 

Avg. 

Departure 
fm  mean 

Highest 
Temp. 

Date 

Lowest 
Temp. 

Date 

Jan. 

71.5 

47.2 

59.4 

-5.9 

84 

28 

27 

20 

Feb. 

75.1 

53.9 

64.5 

-1.6 

86 

24 

39 

21 

Mar. 

83.4 

63.7 

73.6 

4.2 

92 

22 

50 

2 

Apr. 

82.8 

63.2 

73.0 

-0.1 

91 

5 

52 

29 

May 

84.6 

66.2 

75.4 

-0.5 

91 

29+ 

58 

15 

Jun. 

89.8 

71.5 

80.7 

1.5 

94 

13 

68 

26 

Jul. 

90.1 

72.5 

81.3 

0.8 

93 

14 

69 

8+ 

Aug. 

89.4 

73.1 

81.3 

0.3 

94 

21 

70 

22  + 

Sept. 

89.2 

72.3 

80.8 

0.6 

93 

11  + 

68 

30 

Oct. 

84.6 

64.1 

74.4 

-1.9 

91 

3 

53 

17 

Nov. 

81.7 

61.9 

71.8 

1.4 

88 

17  + 

46 

27 

Dec. 

77.2 

56.1 

66.7 

0.3 

87 

15 

37 

23 
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Four  Station  Rainfall   Data    (inches),      South  Florida 


1976  Year  Period  of  Record 


4  Station 

4  Station 

Total 

4  Station 

Accumulated 

4  Station 

Month 

Accumulated 

Average 

Means 

Mean 

Jan. 

7.83 

1.96 

6.14 

1.54 

Feb. 

5.61 

1.40 

6.74 

1.69 

Mar. 

1.04 

0.26 

6.55 

1.64 

Apr. 

5.60 

1.40 

8.82 

2.21 

May 

27.26 

6.82 

22.99 

5.75 

Jun. 

31.18 

7.80 

38.04 

9.51 

Jul. 

28.79 

7.20 

28.55 

7.14 

Aug. 

26.42 

6.61 

28.72 

7.18 

Sept. 

41.90 

10.48 

35.71 

8.93 

Oct. 

5.05 

1.26 

21.04 

5.26 

Nov. 

9.48 

2.37 

6.54 

1.64 

Dec. 

11.11 

2.78 

5.19 

1.30 

TOTAL  201.27  50.34  215.03  53.79 


Royal   Palm    1977  Monthly  Rainfall 

Royal  Palm   Ranger  Station 
RAINFALL   (inches) 
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Month 

Total 

Mean 

%of 
Mean 

Greatest 

Date 

Jan. 

1.96 

1.51 

130 

1.06 

15 

Feb. 

1.65 

1.81 

91 

0.90 

15 

Mar. 

0.70 

1.52 

46 

0.68 

10 

Apr. 

0.64 

2.40 

27 

0.52 

11 

May 

12.81 

6.69 

191 

4.77 

10 

Jun. 

8.67 

10.30 

84 

4.84 

2 

Jul. 

5.53 

7.05 

78 

2.01 

16 

Aug. 

4.43 

7.65 

58 

0.94 

27 

Sept. 

11.68 

8.74 

134 

3.09 

1 

Oct. 

3.53 

6.26 

56 

2.01 

13 

Nov. 

2.89 

2.19 

132 

2.31 

24 

Dec. 

3.58 

1.36 

263 

2.87 

17 

Total 


58.07 


57.48 


101 


76 


Everglades  City   1977  Monthly  Rainfall 

Everglades  City  Ranger  Station 
RAINFALL   (inches) 


Month 

Total 

Mean 

%  of 
Mean 

Greatest 

Date 

Jan. 

1.46 

1.58 

92 

0.70 

16 

Feb. 

0.94 

1.69 

56 

0.33 

15 

Mar. 

0.03 

1.76 

2 

0.02 

9 

Apr. 

1.80 

2.20 

82 

0.70 

16 

May 

4.34 

4.47 

97 

1.95 

12 

Jun. 

11.80 

9.69 

122 

4.16 

3 

Jul. 

14.72 

8.01 

184 

2.50 

25 

Aug. 

6.96 

6.90 

101 

1.43 

8 

Sept. 

9.58 

9.66 

99 

1.99 

3 

Oct. 

0.33 

4.24 

8 

0.13 

23 

Nov. 

1.26 

1.37 

92 

0.50 

25 

Dec. 

4.28 

1.46 

2.93 

0.99 

10 

Total 


55.79 


53.01 


105 


Tamiami   1977  Monthly  Rainfall 

Tamiami  Ranger  Station 

RAINFALL   (inches) 
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Month 

Total 

Mean 

%of 
Mean 

Greatest 

Date 

Jan. 

2.01 

1.45 

139 

0.85 

3 

Feb. 

1.36 

1.47 

93 

1.18 

15 

Mar. 

0.08 

1.80 

4 

0.08 

9 

Apr. 

0.75 

2.34 

32 

0.29 

25 

May 

5.49 

6.03 

91 

1.58 

11 

Jun. 

7.67 

9.23 

83 

1.13 

21 

Jul. 

4.66 

8.02 

58 

1.16 

24 

Aug. 

7.90 

7.62 

104 

2.07 

31 

Sept. 

9.35 

9.01 

104 

2.21 

3 

Oct. 

0.14 

5.61 

2 

0.14 

23 

Nov. 

1.67 

1.50 

111 

0.63 

24 

Dec. 

3.08 

1.17 

263 

1.51 

17 

Total 


44.16 


55.23 


80 


Flamingo   1977  Monthly  Rainfall 

Flamingo  Ranger  Station 
RAINFALL   (inches) 
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Month 

Total 

Mean 

%of 
Mean 

Greatest 

Date 

Jan. 

2.40 

1.60 

150 

1.02 

16 

Feb. 

1.66 

1.77 

94 

1.22 

15 

Mar. 

0.23 

1.47 

16 

0.15 

1 

Apr. 

1.94 

1.88 

103 

0.73 

23 

May 

4.62 

5.80 

80 

1.80 

5 

Jun. 

3.04 

8.82 

34 

1.60 

2 

Jul. 

3.88 

5.47 

71 

1.41 

21 

Aug. 

7.13 

6.55 

109 

3.00 

31 

Sept. 

11.29 

8.30 

136 

2.11 

2 

Oct. 

1.05 

4.93 

21 

0.80 

23 

Nov. 

2.80 

1.48 

189 

1.48 

25 

Dec. 

1.88 

1.20 

157 

0.65 

17 

Total 


41.92 


49.27 


85 


